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TIonornis martinicus, occurrence in Porto Rico, habits and food.-.-. 326 
Iridoprocne bicolor, occurrence in Porto Rico......-..---.---------- 326 
Irrigated lands, Salt River Valley, planting to Egyptian cotton, 

AAVANTAGEB EE eid) oe LE eh RT a ee 332 
Trrigation— 

pedtitvor water mm Edahoe o)2 2c aGe vues in Ge 2s Serene ee 339 
head. sizesconsiderations: eee Nee ai NAN yk jae il 339 


publications of Department, Uist... . 6/55 -29214-)-1- bee ee 339 


Page. 
4 


117-120 


20 
115-117 


1-58 
8-9 
52-55 
14-17 


INDEX. 13 
Irrigation—Continued. Bulle- 
requirements— tin No. Page. 
BUOMOTENT CLOPS, .acenccmnnanerer-.aagiecisihisinic a ciatcla 4usa's tle 339 20-43 
IROL WAV ATIATIONS Sey ceri el tee. Lic chelctatidinl die = ‘erate ote lstois <aats' 339 19-20 
Berar Cm CUTOFONG CLOWS: cscs oc cles oie, fan's isin snare a n'a alsa eee’ 339 40 
cate Ovwater, WVESUPAtONS./.2..--.-.0c0cececesaanasesccees 339 35-39 
water— 
in Idaho, experiments on economical use, bulletin by Don 
ANS esi ative iether i yo adh MI oho op dyS aS wr atsjalei 3) aie 339 1-58 
measurement on farms and under canal systems........... 339 43-46 
Ives eee 
alysis at different dates during ripening.......-.........-.-- Ba) 11-12 
sugar and acid content, changes in ripening...-..-.-.--.-...-- 335 16, 19 
Txobrychus exilis exilis, occurrence in Porto Rico, habits and food... 326 26-27 
Jacana, Mexican, occurrence in Porto Rico, note....--...-.-.------ 326 38 
Jacana spinosa, occurrence in Porto Rico, (Sti) ges ae Mek a Pdmaght hi 326 38 
Jack pine— 
Mubp rem peranents ANd tests lo sa... = lo nwcc fee nie cean a= ceseae 343 PP aaotads 
? 
ESHION GM PLrOductiOn, Map ss. 2 8/22 asics sande ales ete. os A ELON 343 48 
JacKson, Frank H., Jr., bulletin on ‘‘Methods for the determina- 

tion of the physical properties of road-building rock”............ 347 1-28 
coi cverhy, directions for making... . 2. ota ne ete o ees eee 350 23 
JoBBins- Pomeroy, ArTHuR W., bulletin on “Notes on five North 

American buffalo gnats of the | PODMS OS UNUM ae aya = ae a 329 1-48 
Kafir, specific gravity, comparison with wheat........-.....-...-- 328 3 
Kearney, T. H., and others, bulletin on ;, Community production 

of Egyptian cotton in the United States”.........2..2..-.2.---- 332 1-30 
Killdeer, Antillean, occurrence in Porto Rico, variant names, habits, 

MrT ip rt Assd fain ed te eich wa 326 39-40 
oe occurrence in Porto Rico, variant names, habits, and 

MONEE I anise ls pies picialsininie ew Sule » oi alae\ajniciura eis een catetia 326 75-78 
atienanier, belted, occurrence in Porto Rico, variant names, habiis, 

PRMD ERIIOUC ae sa o's» Seid aaiieaia Geiss iateie S aL ai rote gotaicose «asui 326 66-67 
Kinghead— 

FOES INSETS are 5 Sie a eae ea 328 21 
SEEEEIBEEY EVIL COS ate ee fered eetet Ae ei = 2 ee eee) =e eee le 328 10 
occurrence in wheat and effect on milled product.-...-.-.-.... 328 7-8, 16 
specific gravity, comparison with wheat...........-.---.-.-.-. 328 
Koster blue spruce, ornamental value, notes. .........-.-.-.-.-.-. 327 15-16 
Labor— 
cotton picking, management, in Salt River Valley, wages, etc.. 332 16-17 
distribution of productive work units, relation to size of farm... 341 67-68 
income— 
relation to crop area and: crop returns... 5 See eben 341 30-53 
relation to renting method, Yazoo-Mississippi Delta... ... 337 10-12 
tenant farm, relation to type of farm and tenancy, Chester 
County, asec beetdehy: conse: set eienmnces, 341 71-72 
tenant, relation to profits of landlord, Yazoo-Mississippi 
Delta ae EE a RE OIEE SITE 2S. 337 12-13 
use of term in farm business........-.-.-.-.-.--0--------- 341 25 
number of days, relation to income, Chester County, Pa......- 341 63-64 
Laboratory, road-material testing, equipment BSNS HO DG BEERS hits 347 26-27 
Labor-saving equipment, use, relation to size of farm, Chester County, 

Peg ree ehte ost SOS he LSTA SEASON Oyo) AL tel GUNNS Ov) 4 UD Ud Ee 341 64-65 
Lechnosterna sp., bird enemies in Porto Rico.................----- 326 isk 
Land, waste, Idaho, BUVe yA Le Ae Jatin eee yas allan abe Bee A! be 339 53-55 
Landlord, profits— 

and tenant-labor i income, relation to cotton acreage and yield, 
Mazoo0-Massissippy Delian 2 n= antenna ornare ae ae 337 13-18 
relation to labor income, Yazoo-Mississippi Delta...........-. 337 12-13 
Larch pulp, experiments and tests............-----.-- preg at aati bonnet 343, ue 
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Bulle- 
tin No 
Lanaispp-, eround-wood pulp, tests. 2. - 5c ccos «seein es eee ee 34 { 
Larus atricilla, occurrence in Porto Rico, habits and food........-- 326 
Laughing gull, o¢currence in Porto Rico, variant names, habits, and 
PLOOC UE eileen esha e dw lateie ele mie os niches Ele 'o., c1e egee eT are a on 326 
Iecia, dip ior raisin grapes, gormulas.).- 5.320. 22) see ee 349 
Leucotermes— 
Glavipes, Gescription oii cet b=, «Perea Qe eee 333 
hicifugus,, GeSClipmons. steno. -,- ee oe ee ee ee 333 
DITGUNICUS, CSCLUPtLONe ose ee --.-.- tae eae ee ee 333 
Inmosa fedoa, occurrence in Porto Rico, note.........--..-.-.-.-..- 326 


Limpkin, occurrence in Porto Rico, variant names, habits, and food. 32 
Live stock— 


distribution of animal units on farms in Chester County, Pa... 341 
feed cost per animal unit, Chester County, Pa.................. 341 
vaccination against anthrax, experiments, bulletin by Adolph 
ichhom 2) Saenacee pees = eee en eee eee pea pas ae 340 
Loblolly pine— 
pulp, experimentsiand tests-)..-...2 2) oes. <cee-Bee eeeere 3434 
region ol production; Maps. 22. 2. - eee Lee ee eee ee 343 
Lodgepole pine— 
pulp, experiments andy tests) 202 ee. ee ae eee sa 
Tegion Of Production, Map... 22k eee ee eee eee eee 343 
Long-staple— 
cotton, varieties and sources.............2-2-+22e0ceee eee eee 332 
Upland cotton, sources, production, and length of staple.....-- 332 
Lorp, E. C. E., bulletin on “Relation of mineral composition and 
rock structure to the physical properties of road materials”...... 348 
Lowland fir— 
pulp, experiments and “tests24/.....252 5.002.022 See eee 343 
“region ‘of production, ;mapysih i. SOR Ee Ree es 343 
Loxigilla portoricensis, occurrence in Porto Rico, habits and food... 326 
Machinery— 
cost of farm operations in Western New York, bulletin by H. H. 
MOWIry iin. nee oe enc vcs EE. . SO Te a ee ee 338 
farm— 
cost per acre of various kinds, western New York......... 338 
cost, relation to cost of farm operations, western New York.. 333 
housing, practices and economic considerations. ......-.-- 338 
repairs, zelation\to cost, table... 04-2) 27 Per aee eee 338 
replacement costs and interest charge, computing methods. 338 
service— 
determination method: = ./9288e2 3222: 248 eee 338 
rendered by various kinds, western New York......-- 338 


Mango bird, occurrence in Porto Rico, variant names, habitsand food 326 
Man-o’-war bird, occurrence in Porto Rico, variant names, habits 


ame LOO 2 eee Beye RE eg A She a MRR eS | Uae a ae a SUG 
Manure, value per animal unit, investigations in Pennsylvania and 
JY GKe) ov ah 0S aR; ny ey ME rR FU es ein th 53.0 341 
Maraschino cherries, indiistry 9224.)- ) 928). 2).c se eee eee 350 
Margarops fuscatus fuscatus, occurrence in Porto Rico, habitsand food 326 
Marila, spp., occurrence in Porto Rico, habits and food.-.-.......- 326 
Market milk, labor income, comparison with creamery milk, Chester 
County, Pas... e ccc ee bee eee - eee te tee. Oe 341 
Marketing— 5 
Arizona cotton, Note...) 2 202 N=, MaRS ee 332 
cherries, relation of handling and shipping to decay in transit, 
BUUGLES LE a\<.c.oisieieemsccicicme ene eek - -<i- epee wce ee CCE eae sioow 
cotton, inéKey pt, practicessnote-2: 2] ae: i0- 551002 Sse eee 332 
_ Egyptian cotton, considerations and management.......-.----- 332 
. prunes, relation to handhng and shipping to decay in transit, 
BEUGICS? io twee teh acted tel ae 


Page. 
35, 36, 41, 


99-105, 134 


45-46 


45-46 
12-13 


44, 112- 
113, 139 
49 


42, 
104-107, 
135-136 
46 


2-3 
2-3 


1-26 

40, 94, 129 
40 
124-125 


INDEX. 
Bulle- 
tin No. 
Martin, Caribbean, occurrence in Porto Rico, variant names, habits 
PERE eet oo eh tw aan aad gnas genset hc delgeve cue omee’ 326 
Maryland, cereal experiments (and in Virginia), bulletin by 
ee ESTEE LC )EUM octet oP w cie'a slain sla ia he ~'atareve's naa’ ela'e aitala sahala/atal ste 48 l= < 336 
May beetle, bird enemies in Porto Rico..........-..--.----------- 326 
McNaveuton, G. C., and J. H. Turtcxens, bulletin on “Ground- 
wood pulp. Part I—The grinding of cooked and uncooked spruce. 
Part [J—Substitutes for spruce in the manufacture of ground- 
OL TTS) eC ae AS See pe Becotoganerece oporer ene 343 
Melaner pes portoricensis, occurrence in Porto Rico, habits and food. 326 
Mermis, genus, parasitic on Buffalo gnat larvae, note...........----- 32 
Metamasius hemipterus, bird enemies.in Porto Rico..............--- 326 
Metamorphic rocks, nature and value for road building.............. 348 
Mica, black and white, occurrence in rock, effect on road-building 
295. MITER 0 Sone GRRGdE CARER ABA C cocite © Mec Coen oee PE oe erenes 348 
Michigan— : 
cherries, growing and packing industries.............-..--..-- 350 
Lenawee County, cows and horses, depreciation, and manure 
value per unit, Investipations:. ~.)-)5 0222. 22g eee e522 341 
Microcline, occurrence, nature and value for road building.......-.. 348 
Microlyssa exilis exilis, occurrence in Porto Rico, and food.....--.. 326 
Micropalama himantopus, occurrence in Porto Rico, habits and food 326 
Milk— 
bacteria— 
destruction by electricity, note.........--.-.--.----.....- 342 
destruction by ultra-violet rays, note........--...---...-- 342 
groups surviving pasteurization, experiments and discus- 
FLOWS oR 25S SSSR a ee eee mane eae aH eee Seana 342 
EHNA MEIC (SV SUCTION <5) a)5: ois. o'a/= wale els < <!ai2 siecle eae: deed 342 
city supplies, extent of pasteurization..........-.-.----------- 342 
cooling, forced-air circulation, value of process.........--.-.-.- 342 
creamery, labor income, comparison with market milk, Chester 
CGM Ae oie along iain'a nip eaters Aalto ede alata Pele. Le 341 
keeping quality, value of pasteurization..........-.-.-.-....-. 342 
pasteurization— 
methods, descriptions, advantages, and objections......... 342 
MACOS Vey OS CUSSION Goes ere ke <caiaj= | ojala yc'ece + a/sin0 + c's eee es 342 
present status, bulletin by S. Henry Ayers..........-...-- 342 
temperature and methods, recommendations.......-.-.--- 342 
vig (Tie ait(e! aban oy) ike ee a ete TE 342 
pasteurized— 
AMON aI COBUS oc ncaa cease apts ede ee ogame cece 342 
objections and advantages, discussion.................-.--- 342 
Mmier, R. C., bulletin on “Milling and baking tests of wheat 
containing admixtures of rye, corn cockle, kinghead, and vetch” 328 
Milling, tests of wheat containing admixtures of rye, corn cockle, 
kinghead, and vetch, bulletin by R. C. Miller-............---.- 328 
Peboetice. mim per. and location... oc... ssancciwacdann sane Steel 5 330 
Mimocichla ardociacea portoricensis, occurrence in Porto Rico, habits 
PAROIBLO OO reece foes. Se cialeaticle| a Salas «SLRS adore Sodio 326 
Mimus polyglotios orpheus, occurrence in Porto Rico, habitsand food 326 
Mississippi, tenant systems of farming in the Yazoo-Mississippi 
Delta, a study, bulletin by E. A. Boeger and E. A. Goldenweiser 337 
Pte Colom, MOLES =..2.(4).ts(i is seek sks tits Seals ui Ja ealnd geld 332 
Mniotilia varia, occurrence in Porto Rico, habits and food......---- 326 
Mockingbird, Jamaican, occurrence in Porto Rico, variant names, 
Petit E AMON LOO Goin = xcs sia ced ee eesane = tel Sh end, Se BER ees 326 
Molds, damage to cherries and prunes, note..........-.-.--------- 331 
Mole cricket, bird enemies in Porto Rico...............-.-.------- 326 
Molothrus atronitens, occurrence in Porto Rico, note........-.----- 326 
Moreca americana, occurrence in Porto Rico...--....--...--------- 326 
“Mountain balsam.’’ See Alpine fir. 
Mowers— 
cost wemacre and per dayne yl iS csu ey RR pele TE 338 
service period, relation to work done..........--.---.---------- 338 
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Mowry, H. H., bulletin on ‘Machinery cost of farm operations in 
VASO EG AN Cord eee, ven oS eS 338 

Mud hen, occurrence in Porto Rico, variant names and food habits. 326 

Musca domestica. See Fly, nouse. 

Muscovite, occurrence in rock, nature and value for road building.. 348 

Myiarchus antillarum, occurrence in Porto Rico, habits and food.... 326 


pleneeees niger jamaicensis, occurrence in Porto Rico, habits and 

01000 BAAR SMorntn PEEA moO aoe Come Emre GOee Mees momo eetkoseaaceoe 326 
Nesospingus speculiferus, occurrence in Porto Rico, habits and food. 326 
New York— 


cherries, growing and packing industries..................---- 350 
City, milk supply, handling; note. 2220525 Bee eee eee ee 342 

western, machinery cost of farm operations, bulletin by H. H. 
MOWEY iE osaiaicieins ates eheren raat on wi entheayar nich ct Ot A 338 

News paper, material used in manufacture,development of industry, 
CLC a MOLES Se oh =) oh arelaieserataleloreiaior= <iaia\ speraretele el ete eee a ae a eee 343 

News-print paper— 

manufacture from various woods, experiments and tests........ 343 
prices, 1878-1912. 7... See Welsd CS RR Se Pee Gee ee 343 


Nighthawk, Cuban, occurrence in Porto Rico, variant names, note.. 326 
Noble fir— 


pulp, experiments and ‘tests. ..24: Weeee Soe eee eee 343 
recion ot production, Map... J. Cee eee eee eee 343 
Noddy, occurrence in Porto Rico, variant names, habits and food.. 326 
Nomonyx dominicus, occurrence in Porto Rico, note...........---.-. 826 
Nona Island, physiographiy=- 22222232): eens oe eee eee eee 326 
Norton grape— 
analysis at different dates during ripening........-...-.-.-.--- 335 
sugar and acid content, changes in ripening......-.-.-...----- 335 
Numenius, spp., occurrence in Porto Rico, notes................---- 326 
Numida meieagris, occurrence in Porto Rico, historical notes......-. 326 
Nyctanassa violacea, occurrence in Porto Rico......- soonsae ace 326 
Nycticorax nycticorax nevius, occurrence in Porto Rico.............- 326 
Nyssa sylvatwa. See Gum, black. 
Oats— ; : 
crop area and relation to labor income, Chester County, Pa..... 341 
introduction into United States, notes..........--.-...---.--- 336 
irrigation, effects of different volumes of water, experiments in \339 
Ndahosees ce secre cejeeeeiine. «+ see celine tee eerie 
spring, comparison with winter oats, note..........-.0.-2..---- 336 
wild, specific gravity, comparison with wheat...............--- 328 
winter— 
comparison with spring oats, note............-.2.-..-----s- 336 
growing at College Park and Arlington Experiment Farms, 
Varbetby) Testes.) iiiuveleroyec ie = Uisvapeieieic ln ia cit cee pee eter ae 336 
yield, relation to farm tenure, Chester County, Pa............- 341 


Ochthodromus wilsonius rufinuchus, occurrence in Porto Rico, note.. 326 
Oil— 


cherry— 
comparison with other fruit-kernel oils.......-...-....--.- 350 
yield and characteristics, comparison with other oils......- 350 
fixed, extraction from cherry pits, methods and processes....... 350 
volatile, extraction from cherry pits, method and processes..... 350 
Oils, fruit-kernel, comparison with cherry oil............--.--202-- 350 
Olive oil, comparison with cherry oil........-.-.-220-2-2ccceeeees 350 
Orchard project, home, study outline....--.-----.-....----+----++- 346 


Orchards, irrigation— : , 
effects of different volumes of water, experiments in Idaho.... 339 


requirements, experiments in Idaho..........-.-..--..-----.- 339 
Oregon— ; a 
fruit ¢rops in Willamette Valley, climatic influences.........-.. 331 


Willamette Valley, handling and shipping fresh cherries and 
prunes, bulletin by H. J. Ramsey.......0.2220---eeceeeees 331 


Page. 


1-24 
34-35 


7-8 
81-82 
74-75 

120-121 


3 
15 


1-24 
2-8 

51-64 

3 

69-70 

40, 95, 130 
4 


38 

2 

10-11, 12- 
14, 16-17, 
18-19" 

34 


13, 14, 16 
20 


1-2 
1-28 
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Bulle- 
tin No. Page. 
Oriole, Porto Rican, occurrence in Porto Rico, variant names, habits 

PYRCG| AKOYE GE Sp tek IAC le ae a ee ran 326 115-116 
Orthoclase feldspar, nature and value for road building............ 348 7 
Osprey, occurrence in Porto Rico, variant names, and food habits... 326 34 
Oven-bird, occurrence in Porto Rico, habits and food.......-...-.- 326 101 
Owls, occurrence in Porto Rico, variant names, habits and food.... 326 67-69 
SMIMCHEPHArHS. 11sec OL beri,» -- 2-22 2 eee lentes Shee s doe ce 341 25 
Oxyechus vociferus rubidus, occurrence in Porto Rico, habitsandfood. 326 39-40 
Oyster-catcher, occurrence in Porto Rico, variant namesand habits.. 326 38 
PRP UISITIG CIT CCELONA o5.ck Si. nals lees Su eeinide cee deievineees ces 349 13 
Paddy machine, description and operation...............---------- 330 8-9 
Panariti grane, variant names, description and characteristics. ..... 349 10 
Pandion haliaétus carolinensis, occurrence in Porto Rico, historical 

TIO Ee CGS C1 CRENEEIGBS 6 OCR U COUR ECO SESS HC eis pe seen ts 326 34 
Paper— 

commercial manufacture of news-print sheets, experiments and 
ESTE. Clee h eB RAE eS Certs: jee DU Sane 1 = Siege ARO Ae RE as 343 55-64 
making equipment, ground-wood pulp.......------.---------- 343 9 
news-print— 
FLOM ATLUCELESHINO Ts Mane fun ase eeieeee etnies teste S 343 11 
raterial used in manufacture, development ofindustry, etc. 343 2-3 
sheets from various woods, tests on press.-..-..----.-------- 343 59-64 
See also News-print paper. 
pulp mills, number and output, by decades..........-.--.----- 343 2-3 
Paroquet, Santo Domingo, occurrence in Porto Rico...-.....---.---- S26) he 55 
Parrot, Porto Rican, occurrence in Porto Rico, habits and food...- 326 55-56 
Pasteur, control of anthrax by serum treatment, method.....-.-.-- 340 2-4 
Pasteurization— 
pe ae erature, for milk, advantages si. 22 tOi eS Be oe 342 5-6 
miulk— 
man bottles» process,;and values fs 2 22e 2 ee 342 4-5 
methods, descriptions, advantages, and objections........ 342 4-5 
J resent status, bulletin by 8S. Henry Ayers...............- 342 1-16 
SUPerWIslOM: Aid COMLTONS 5/768). Seated = Sekaee UNE APES 342 7-8 
temperatures and methods, recommendations. .....-.-.-.- 342 6-7 
Malic AndamMpPOrtsNCeneare- nce sees cece cheese eee 342 1-2 
PIRI aMHESMEMRISETOIMLCKI ee Se ASO et tok heeds sen enced 342 1 
Pasture, irrigation requirements, experiments in Idaho. ......-...- 339 20 
Felecanus cccidentalis, occurrence in Porto Rico, habits and food..-. 32 18 
Pelican, brown, occurrence in Porto Rico, local name, habits and 

Chad. coat: 35 Ge ee een tee sey Mamma EL ELLA emp GER 326 18 
Pellagra, transmission by buffalo gnats, investigations and studies.. 329 29-34 
Pennsylvania— 

Chester County— 
BPM WItUTAWIStOnyas sisters seca SESS 341 8-14 
market facilities, topography, soils, etc. ........-.--.----- 341 4-8 
farm management, practice in Chester County, bulletin by 
W. J. Spillman, H. M. Dixon, and G. A. Billings...........- 341 1-99 
Petchary, Forto Rican, occurrence in Forto Rico, habitsand food... 326 78-80 
Petrochelidon fulva peciloma, occurrence in Porto Rico, habits and 

ee oe ASN A SSS Sty seeks 2 alk SAOOIOS OC Or ie 326 85-87 
Pewee, Porto Rican wood, occurrence in Porto Rico, variant names, 

SPAM TOOM Son seas Ss be Ry se to we dO ME BOR RINE Ui 326 83-84 
Phaéthon, spp., occurrence in Porto Rico, habits and food.........- 326 18 
peep ieris ruber, occurrence in Porto Rico, note..........------ 326 27-28 

icea— 

PENS ey eae eas | S588 Ss haat oe eee ae bese seep ee sks 327 42 
sPP.— nial a 
occurrence in Rocky Mountain region, characteristics and 
ECOMOHIC Vale tk Als cut 8 EN ek COE UE OES 327 3-17 
g 35, 36, 
45, 68-85, 
(NESE, WEES) ocosdacsncde se abewod de aan censee basa she oseksene 343 116-117, 

141-143 

Ei project, home, study outlines-:..::2: 220.22 Peele Sw BAe As 346 10 
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Pigeons, occurrence in Porto Rico, variant names, habitsand food.. 326 53-55 
Pima cotton, comparison with Yuma cotton.....................--- 332 13 
49-45, 
Pine pulp, experiments and tests:2- 9... See sec: ale ee aoe 343; 104-114, 
Gee j ‘ 135-140 
Pintails, occurrence in Porto Wico:--- 22 .ceee ee et ee ee 326 29 
35 36, 
. 42-45, 
Pinus, spp., pulp, teste:< Bo. e ee: 6. = Reet eee eee 345) 494-1] ip 
138-140 
Pisobia, spp., occurrence in Porto Rico, habits and food...........-. 326 44 
{Plantationchuller,”? ‘idamacetoaice, notes. 4-2 446.2 eee eee eee 330 “15 
Planter, corn, Service period. ne ose. . ee aac ee 338 13-14 
Plegadis autumnalis, occurrence in Porto Rico, habits and food..... 326 : 27 
Plovers, occurrence in Porto Rico, variant names, habitsand food.. 326 38, 40, 42 
vowing: fall versus spring, irrigated lands, experimentsin Idaho... 339 — 43 
ows— 
cost of different kinds, per acre and per day.........-.........- 338 7-9 
service period, relation to work done. -..............-----»--- 338 7-9 
Podilymbus podiceps antillarum, occurrence in Porto Rico, habits and 
LOO <'s'- 3 SapSe iad Seale creat Se elec e ec pars Ee eee oe eee eee 326 17 
Popple. See Aspen. 
Populus tremulovdes. See Aspen. 
Porto Rico— 
agriculture, relation‘of birds .,..22)s. nme cee eeeeaeeee ar eee 326 1-2 
bird’ life; abundances habits,| ei¢.4.-.seeea- see eeeee eee 326 4-7 
birds— 
bulletin by Adex ‘Wetmorei22 55229856) s<ncee cee ee eeee 326 1-140 
investigations, areas explored, itinerary...........-..-..-- 326 2 
Introduction, discussion! 2h.) :'.2eeo oe ee eee eee 326 14-15 
insects, 4njurious; bird enemiess:.. .628. 2 he ee eee 326 9-11 
physiograp hy... 1/0. yetatiat ss - 2 Sees seis eee eee 326 3 
Porzana, spp., occurrence in Porto Rico, notes. ..............----- 326 36 
Potato project. home, outline and records................--------- 346 6-9 
Potatoes— 
crop area, percentage, and relation to labor income, Chester 
Commniiy;Pai sce elee fe tiles «Sic 2 ons See ya ee 341 35-36 
irrigation— 
effects of different volumes of water, experiments in Idaho.. 3394 i, 1, ie 
requirements, experiments in Idaho............---....--- 339 20, 29-30 
yield, relation to farm tenure, Chester County, Fa..........-..- 341 73 
Poultry— 
income on farms, percentage, and relation to Jabor income..... 341 42-43 
project,yhome, study outlines. 2- ... dao... eee eee 346 14-15: 
‘“ Profits,” use)OL term im farm business eeeesa4-- aes oe eee eeeees 341 25 
Prcgne dominicensis, occurrence in Porto Rico, habits and food..... 326 88-89 
Propagation; blueberry, methods: 2... Saeee a. <c ces qe eels 334 3-15 
Prune industry, Oregon, extent and status..................-.----- daky - 13 
Prunes— 
brown-rot; relation tojshipment.-. ...d220...-... 04 see sees 331 24-26 
handling, commercialmethods 14s ..o/upgeiert sie <:o:0,ceiereiem = sie 331 14 
harvesting and eradiae for market... 245... . 2... ssce essen ee 331 17 
maturity, relation to Keeping quality 2p... .. < ce osm se o- ee 331 26 
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INTRODUCTION. 


The following report on the birds of Porto Rico is the result of 
investigations made by the Biological Survey in cooperation with 
the government of the island. Because of the damage to crops by 
insect pests and the resulting pecuniary loss, the Board of Commis- 
sioners of Agriculture of the island in 1911 requested the aid of the 
United States Department of Agriculture in an effort to determine 
the relations of the island birds to the insect fauna. Little was actu- 
ally known concerning the economic status of many species of birds, 
and that little was founded chiefly upon field observation, a method 
not without value, but one leading frequently to error. 

In Porto Rico the population is engaged primarily in agricultural 
pursuits, the production of sugar, tobacco, coffee, and fruits greatly 
overshadowing other lines of industrial activity. Under the methods 
of intensive agriculture now employed many insects, including the 
~ mole cricket, the cane-root-boring weevil, the May beetle, and others, 
are very destructive. Various methods have been employed in at- 
tempting to check the ravages of these insects, and planters are be- 
ginning to recognize that the island birds are of enormous importance 
in combating them. In the rural districts, however, the country 
‘people, ignorant of the services birds render, ruthlessly plunder nests 
and kill small birds wantonly or for food. In addition, several 
species of great economic importance are classed as game birds and 
are killed without regard to season or their value as insect destroyers. 
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Accurate knowledge in regard to the economic status and relative 
abundance of the island birds was lacking, and there was little upon 
which to base protective legislation. Knowledge was lacking also in 
regard to practicable methods for increasing useful resident species; 
and, finally, as to the desirability of introducing exotic insectivorous 
or other birds. 

Investigations were begun in December, 1911, and continuous field 
work was carried on until September, 1912, permitting nine months 
of consecutive observation. All the principal regions of Porto Rico 
were visited, short trips were made to the adjacent islands of 
Vieques and Culebra, and four days were spent on Desecheo Island, 
in Mona Passage. As a result of this field work more than 2,200 
stomachs of birds collected at all seasons were available for labora- 
tory study and investigation, about 2,000 of which were collected by 
the writer and the remainder acquired from other sources. The 
examinations and results have additional importance as representing 
the first extended work of the kind carried on within the tropical 
regions of the Western Hemisphere. 


ITINERARY. 


The field work in Porto Rico covered the entire island and the 


‘more important off-lying islands, with the exception of Mona. Ef- 
fort was made to visit the main agricultural areas at different seasons 


in order to study bird life in its relation to changing conditions of 
season and cultivation incident to growth. Original conditions were 
studied so far as possible by exploring the small areas of natural forest 
still remaining. ; . 

Beginning at San Juan, the capital city, on December 13, 1911, 
work was continued on the island until September 11, 1912, as 
follows (see Pl. II): 


San Juan, Dec. 13-15. Yauco, May 16-28. 
Rio Piedras, Dec. 16—28. Maricao, May 29—June 5. 
Fajardo, Dec. 29-30. Mayagiiez, June 6. 
Rio Piedras, Dec. 31—Jan. 4. Afasco, June 7-8. 
Caguas, Jan. 5-14. Aguadilla, June 9-12. 
Cayey, Jan. 15-25. Desecheo Island, June 13-16. 
Aibonito, Jan. 26—Feb. 4. Aguadilla, June 17. 
Aibonito to Rio Piedras, Feb. 5. Lares, June 18—July 1. 
San Juan, Feb. 6-8. Quebradillas, July 2-6. 
Mameyes, Feb. 9—Mar. 1. Manati, July 7-11. 
Hacienda Catalina, Mar. 2—12. Ciales, July 12-18. 
Mameyes, Mar. 13-14. Bayamon, July 19-25. 
San Juan, Mar. 15. Comerio, July 26-81. 
Vieques Island, Mar. 16—Apr. 4. Bayamon, Aug. 1. 
Culebra Island, Apr. 5-22. Toa Alta, Aug. 2. 

Louis Pefa, or Southwest Cay, Apr. 11. | Utuado, Aug. 3-9. ¢ 

Culebrita Island, Apr. 15. Adjuntas, Aug. 10-16. 
Vieques Island, Apr. 23. Juana Diaz, Aug. 17-22. 
Naguabo, Apr. 24. Ponce, Aug. 23. 
San Juan, Apr. 25. Cabo Rojo, Aug. 24-31. 
Salinas, Apr. 26—May 2. Cabo Rojo to Caguas, Sept. 1-2. 
Yabucoa, May 3-11. Humacao, Sept. 3-9. 
Patillas, May 12-14. San Juan, Sept. 10-11. 


Ponce, May 15. 
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PHYSIOGRAPHY OF PORTO RICO. 


Approximately 100 miles long by 40 broad, Porto Rico, though 
the smallest of the Greater Antilles, possesses considerable diversity 
of surface. From Mayagiiez to Humacao extends a mountain chain 
known in the west as the Cordillera Central and east of Aibonito 
as the Sierra de Cayey. Northeast of the latter runs the Sierra de 
Luquillo, rismg in El Yunque to 3,406 feet above sea level, the 
highest point on the island. From this central divide the descent 
to the coast is abrupt and much broken by series of hills cut by deep 
ravines. As the range is nearer the south coast the larger streams 
flow to the north. A low divide separates the northeastern moun- 
tain mass from the main range, and others, higher, offer passage 
across the island at several points. 

The coastal region is formed by a narrow plain extending around 
the island, though in a few places the hills approach the sea abruptly. © 
In this plain, conical limestone hills rising to sharp points are fre- 
quent, and inland is found a rough lmestone foothill region. Man- 
grove swamps and shallow lagoons, many of which have been drained 
of late years, are found near the mouths of rivers on the north and 
west coasts, and at Guanica is a considerable body of fresh water 
with surrounding marshes. 

Governed by the prevailing northeast trade winds, rainfall varies 
greatly in different localities. For the entire island the annual 
average precipitation amounts to 77.3 inches. The south coast 
is relatively dry, the greatest precipitation occurring on the north 
side. The maximum volume of rain falls in the northeast on El 
Yunque and about its base, where the annual average is 185 (maxi- 
mum 169) inches. The northern slopes of the central mountain range 
as a whole secure the greatest quantity. Along the northwest coast 
from Isabela to Camuy is an area of small precipitation, at times 
very dry, while the south coast from Cabo Rojo to Guayama is 
almost universally so, the annual average being 40 inches or less. 
The rainy and dry seasons are not well defined, rains occurring 
throughout the year. The minimum rainfall is in February, while 
the maximum occurs from May to November, varying with the 
locality. 

Vieques and Culebra Islands are comparatively low, with many 
rounded hills. Lagoons are found near the sea, though they are 
frequently dry. The general appearance of the islands is that of 
the south coast of Porto Rico. Desecheo Island in Mona Passage is 
smaller, and rises in two conical hills from the sea to an altitude of 
about 400 feet. A rough path leads up and down over the rocks 
above the beach, but inland the brush is almost impassable. Mona 
Island, as described by Bowdish (MS.), is 7 miles long by 3 or 4 
wide and is rather barren. It slopes gradually from the higher north 
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end to the south and, though elevated, is comparatively level. Caves 
are numerous in the face of the cliffs above the sea. At the south- 
west is a comparatively low strip of ground. Both Mona and 
Desecheo are dry and arid. 


; BIRD LIFE. 


As compared with corresponding latitudes in Central America 
and Mexico, the avifauna of the Greater Antilles is very poor in the 
number of species, as is usual in island groups distant from conti- 
nental regions. Porto Rico, smallest of the chain to which it be- 
longs, is also least in number of forms of bird life, a fact explained 
by its comparative isolation and remoteness from evolutionary centers 
in the large land areas. Thus far 162 species and subspecies are 
recorded for the region, including Porto Rico, Mona, Desecheo, and 
the American possessions in the Virgin Group, while 16 others are 
included as hypothetical. A number of forms recorded by Ledru 
(1810) are disregarded as wholly improbable. Of the bona fide 
forms, 94 breed on the islands, 63 are visitants during migration, 
and 5 species, perhaps residents at one time, may be called accidental. 
Among the resident species 25 are peculiar to the region under dis- 
cussion (24 on Porto Rico and 1 on Mona Island) and 3, though 
breeding there, are absent during part of the winter season. Six 
have been introduced from foreign countries and are now feral or 
have been within recent years. 

Birds are generally more abundant on the coastal plain than in- 
land, the swamp-loving species and water birds being confined chiefly 
to the neighborhood of the sea. The range of a number of Greater 
Antillean birds finds its most eastern extension in Porto Rico, and a. 
few forms come up through the Lesser Antilles to Vieques Island, 
but go no farther. Mona and Desecheo, isolated peaks on the ocean 
floor, are populated almost entirely by sea birds, few land birds 
occurring there. 

On the average, about 30 species are found in reasonable numbers 
during summer in almost any inland locality on Porto Rico, and a 
few more North American migrants are added in winter. Near 
the coast these numbers are augmented somewhat by water birds. 
The species are few, but individuals, especially of dominant forms, 
are plentiful, though often overlooked by a casual observer because 

-of their retiring habits and secretiveness. Certain areas are seem- 
ingly destitute of bird life, but to show that birds are more numerous 
in Porto Rico than is commonly supposed, two censuses were taken 
during the-breeding season, in whieh accurate count was made of 
the number of species and individuals of each seen. On May 24, 
at. Yauco, 391 birds belonging to 35 species were listed in four pace 
in traversing a distance of 5 miles through cane fields, open and 
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brush-filled pastures, and areas given over to small crops. Twenty- 
six of these species, comprising 252 individuals, belonged to benefi- 
cial forms of economic importance, and the remainder, 139 indi- 
viduals of 9 species, were neutral forms, harmless, and inoffensive. 
Near Lares, in the interior, a census taken on June 28 covered 
an area of approximately the same size, but one of coffee plantations 
and small farms. Here 335 individuals of 27 species were seen; of 
these, 21 species (300 individuals) were beneficial and 6 species (385 
individuals) were neutral. These results compare very favorably 
with censuses taken on similar cultivated areas in eastern United 
States during the breeding season. The relative importance of birds 
to the major agricultural interests of the island may best be under- 
stood by a consideration of species commonly found in cane fields, 
coffee plantations, and citrus groves. 


BIRDS FOUND IN CANE FIELDS. 


Cane fields cover the larger part of the arable lowlands of the 
island and in favorable localities extend over the foothills and 
higher slopes. As these fields are cultivated intensively and offer 
no safe nesting sites unless bordered by palms or other trees, they 
are used only as feeding grounds by birds coming in from near by 
where cover and security are to be found. The fields are frequented 
chiefly when being plowed or cultivated, as grubs, mole crickets, and 
other insects are then readily accessible to the birds. When the 
cane grows higher, birds are seen in the roads, which cut the fields 
into squares, and in the dense tangle of stalks some species find con- 
venient shelter. No bird harms the cane in any way, and those that 
are not directly beneficial by destroying insects, and to a less extent 
weed seeds, are neutral and do no damage. During most of the year, 
only adult insects of the important pests are available, immature 
forms being exposed mainly at plowing time. To see a flock of 
blackbirds at that season following closely in the furrows behind 
the plow, eating greedily and carrying food to their young, empha- 
sizes their value. Following is a list of birds found regularly in 
the cane fields; a number that occur more or less casually are not 
included: 


Martinete (Butorides v. cubanus). Golondrina (Progne dominicensis). 

Garza (Florida c. cerulescens). Ruisenor (Mimus p. orpheus). 

Faleén (Falco s. loawacula). Pizpita dorada (Seiurus aurocapillus). 
Rolita (Chemepelia p. trochila). Reinita (Cereba portoricensis). 

Tortola (Zenaida 2. lucida). Veterano (Amandava melpoda). 

Judio (Crotophaga ant). Mariquita (Agelaius ranthomus). 
Zumbador (Anthracothorag aurulentus). Mozambique (Holoquiscalus brachypterus). 
Pitirre (Tyrannus d. dominicensis). Chamorro bicolor (Tiaris b. omissa). 
Golondrina (Petrochelidon f. peciloma). Gorrién (Tiaris o. bryanti). 


The same species frequent tobacco fields and areas of small farms, 
where legumes, maize, and other small crops are grown. 
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The smaller shorebirds are often found in migration in low wet 
fields, and other birds frequently venture into the borders of the crop 
before it is cut. 


BIRDS FOUND IN COFFEE PLANTATIONS. 


The extensive forests which formerly covered Porto Rico have 
been replaced in the interior to a great extent by coffee plantations; 
only small sections of second growth are left, and these diminish 
steadily year by year. The most extensive region devoted to coffee 
culture is in the western end of the island around Maricao and Ad- 
juntas, but large fincas occur through the hills of the entire island 
and in a few places on level ground near the coast. The low coffee 
trees and attendant shade trees covering them do not seem to sup- 
ply all the needs of the original forest-dwelling species, though 
many have adapted themselves readily to the changed conditions. 
Parrots, crows, and courlans have almost disappeared, and other 
species, greatly reduced in numbers, are restricted in their range 
to the dense forest growths remaining on inaccessible hills or on 
land of little value. 

In the coffee plantations changing seasons offer little variation, 
~ except in the flowering and the gradual maturing of the coffee berries. 
- Once, or perhaps twice, in the year the ground is cleared somewhat 
and the trees trimmed, and later, pickers come through gathering the 
crop; but during most of the year, except near the paths leading 
through the fincas, there is little human interference with the wild 
life found there. Insects, many of them injurious, are common, and 
make many a meal for the birds which harbor in the plantations; 
while berries, seeds, and wild fruits in their season offer a super- 
abundant supply to the birds which prefer vegetable food. It is 
claimed that birds do some damage to ripening coffee berries by 
eating the sweet pulp surrounding the inner berry, but as yet this 
charge is unsubstantiated. The damage is done apparently by rats, 
which, being unseen, are not suspected, the birds getting the credit 
for the misdeeds of the rodents. Many species of birds, as wood- 
peckers, flycatchers, cuckoos, and others, are of great benefit here, 
and only rarely can any of the forms found in the coffee district be 
called injurious. In the absence of forests, these plantations serve as 
centers of distribution for birds, and so aid in keeping at a maximum 
the number of individuals in each section, for from their shelters 
the birds spread into the more open hedgerows and scattefed tree 
growths of, the surrounding country, The following list enumerates 
the more common of the avian residents of coffee plantations, and in- 
cludes several northern forms that winter here in numbers sufficient 
to render them of economic importance: 
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Faleén (Falco 8s, loquacula). 

Perdiz (Geotrygon montana). 
Paloma turca (Columba squamosa). 
Pajaro bobo (Coccyzus m. nesiotes). 


Pajaro bobo major (Saurothera vicilloti). 


Carpintero (Mclanerpes portoricensis). 
San Pedrito (Todus mewicanus). 
Miicaro (Gymnasio n. nudipes). 
Zumbadorcito (Ohlorostilbon maug@i). 


Zumbador verde (Anthracothoraw viridis). 


Clérigo (Tolmarchus taylori). 

Jui (Myiarchus antillarum). 

Bobito (Blacicus blancoi). 

Golondrina (Pctrochelidon f. peciloma). 
Zorzal (Mimocichla a. portoricensis). 
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3ien-te-veo (Vireosylva ec. calidris). 

Candelita (Setophaga ruticilla). 

Pijirita adelaida (Dendroica adelaide). 

Gijirita aplomada (Dendroica c. cerules- 
cens). 

Pecho de oro (Compsothlypis a. usne@.) 

Bijirita trepadora (Mniotilta varia). 

Reinita (Careba portoricensis). 

Calandra (Icterus portoricensis). 

Verdoso (Nesospingus speculiferus) (of lo- 
cal distribution). 

Reina mora (Spindalis portoricensis). 

Jilguero (Tanagra sclateri). 

Gallito (Lowxigilla portoricensis). 

Chamorro bicolor (Tiaris b. omissa). 


Julian chivi (Vireo latimeri). 
BIRDS FREQUENTING CITRUS GROVES. 


The citrus groves of Porto Rico are growing steadily in extent, 
and it is of vital interest to the growers that birds accept the new - 
conditions brought about and make the orchards regular feeding 
grounds. Rumors that a bird injured the fruit by puncturing it could 
not be substantiated. A few birds, as the oriole and spindalis, were 
seen eating oranges, but in every case they attacked only wild fruit 
that was dead ripe and beginning to soften. The honey creeper, too, 
came to sip the juice when the oranges were once broken open. Quail- 
doves pecked open the rotting sweet oranges for the seeds as they 
lay on the ground, but no birds were found attacking sound fruit in 
the groves. Insectivorous species in feeding about the trees destroy 
innumerable pests and assist in keeping the trees clean. The open 
spaces and shady perches found are attractive to a number of birds, 
and when nests are built in the orchards care should be taken not to 
disturb them. Many birds now finding shelter in brushy areas sur- 
rounding the groves resort to the orchards to feed during the day. 
The following list of birds observed mainly in the Bayamon district 
and about Rio Piedras includes some of the most beneficial species on 
the island: 


Faleén (Falco s. loquacula). 

Playero (Oxyechus v. rubidus). 

Rolita (Chemepelia p. trochila). 
Tortola (Zenaida z. lucida). 

Judio (Crotophaga ani). 

Zumbador (Anthracothorag auwrulentus). 
Pitirre (Tyrannus d. dominicensis) . 
Clérigo (Tolmarchus taylori). 

Jui (Myiarchus antillarum). 
Golondrina (Petrochelidon f. paciloma). 
Ruisenor (Mimus p. orpheus). 

Julian chivi (Vireo latimeri). 
Bien-te-veo (Vireosylva c. calidris). 


Bijirita galana (Dendroica discolor). 
Bijirita adelaida (Dendroica adelaide). 
Pecho de oro (Compsothlypis a. usne@). 
Bijirita trepadora (Mniotilta varia). 
Reinita (Cwreba portoricensis). 

Diablito (Spermestes cucullata). 
Mariquita (Agelaius canthomus). 
Calandra (Icterus portoricensis). 
Mozambique (Holoquiscalus brachypterus) . 
Reina mora (Spindalis portoricensis) . 
Chamorro bicolor (Tiaris b. omissa). 
Gorrién (Tiaris o. bryanti). 


ECONOMIC CONSIDERATIONS. 


The food of the birds considered in this report does not exhibit the 
seasonal variation so noticeable in the case of birds of more northern 
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latitudes. The food of resident birds in the United States shows in 
many instances a predominance of insects in the warmer season and 
of vegetable matter in the winter months, though many specialized 
forms may feed on one or the other throughout the year. In Porto 
Rico, because of the even temperature and slight climatic changes, 
birds are not forced to vary their diet; consequently the percentages 
of animal and vegetable food are relatively stable from month to 
month, and a bird is vegetarian or predacious, or both, throughout 
the year, according to its natural bent. Young birds of partially 
insectivorous species, when abandoned by their parents and left to 
their own resources, often feed largely upon berries and other vege- 
table matter, but as they become more adept secure the same kind of 
food as their parents. 

Among resident forms, birds belonging to families which in tem- 
perate latitudes feed almost entirely on insects, eat great quantities 
of vegetable matter. This is especially noticeable among flycatchers. 
Of the five forms inhabiting these islands only one, the bobito 
(Blacicus blancot), is truly insectivorous; the others, all birds of 
fair size, consume many more berries and wild fruits than do their 
representative forms in the north; and one, the elainea (Zlainea m. 
martinica), is almost entirely vegetarian. Small wild fruits and 
berries abound at all seasons, offering an easily obtainable food sup- 
ply. Some North American migrants, predacious in their northern 
homes, here follow the example of native forms and feast on the 
bountiful crop of berries before them. 

In Porto Rico, birds which feed on wild fruits almost entirely, as 
the spindalis, are not at all injurious. The coffee berry, with its 
sweet outer covering, is the only important small cultivated fruit, 
and from the evidence available it is left untouched by birds, though 
two species are locally believed to eat it. The distribution of seeds 
of wild fruits can not be charged against the birds, as none of the 
plants or shrubs disseminated are of importance as noxious species. 
Small grains are grown in comparatively small areas and are little 
eaten by birds. The few kernels of corn taken by blackbirds amount 
to nothing, and none of the seed-eating pigeons examined had taken 
grain. 

Among the common birds found in Porto Rico none, fortunately, - 
-may be called wholly pernicious. The small bird-eating Accipiter 
found at Maricao is certainly injurious, and its larger relative, the 
red-tailed hawk, is troublesome when it acquires a taste for poultry; 
but some species, while to a certain extent destructive, make up for 
their damage in other ways. Several birds eat large numbers of 
lizards and tree toads, seemingly without reducing their numbers, 
as these creatures are to all appearances as abundant as is possible. 


PLATE Il. 


65°30 


DRTO RICO 


O Cc ee ON 


és 
30 


eaiPt Puerca’, 
‘SS Cabras lL. *e, 


“, Caballo Ri Oy 


i 
ESS 


Zz) » PORT MULASE 
%Z BLP” 0° *% 
/ Arenas 6 2 Sta 
Remacao U 
iyanes 
E02 rs 
00 
EXPLANATION 
seseccsecsveveses POU/ TEL OF A. WET/IOLE. 
COLLECTING LOCAL/TIES. 
7 
SS eer gE a EET 


65°30 ; : J-FLD.- 


6B2127—92 


Bul. 326, U. S, Dept. of Agriculture. 


-_, NSA 
MAYAGUEZ aay 
Yj fi, 


( 


a 
Al onal 
A 


2 
ee 


AO 


hoo” sebastian Barry 
; Wiehe 


Guay: mil, y|qboa 


reine Gaigo Pt 


Se 


ene las. 


SANS ) : Ln SRS 


Ra 


aN NBA 
ay Se 
ov ovaries © 


DALOtHeH Ore, 


0 


nen, 
@ 
Hi ) ieee 


Varia 
See 


sola 
Naranjito . 


=o worgitok 
Barrie Callas, 


Yayuyo 


“~ Las Cruces o° 


N 


Saat 


EXPLANATION 


tenses: ROUTE OF A. WETMORE. 
COLLECTING LOCALITIES. 


M 


AP OF Porto Rico SHOWING ROUTE AND COLLECTING LOCALITIES OF THE AUTHOR. 


BIRDS OF PORTO RICO. 9 


Only one lizard, the siguana (Ameiva exul), an important terrestrial 
form, is disappearing. Few of these, however, are eaten by birds, so 
that their diminution is to be charged to other agencies, perhaps to 
the mongoose, as this lizard can not climb. Many spiders also are 
eaten, more especially in the dry localities where they abound. 

The value of’ the birds studied here is necessarily ascertained 
largely through a consideration of their insect food, certain domi- 
nant insect forms being so destructive that their bird enemies are of 
the utmost importance. The economic status of many insects com- 
mon in Porto Rico is at present uncertain, and as they are more 
thoroughly studied some will undoubtedly prove very destructive: 
the lists of insects identified, as contained in the body of this report, 
will then serve as an index to their bird enemies so far as at present 
known. It is unfortunate that a robust bird like the pearly-eyed 
thrasher (I/argarops f. fuscatus) should devote its attention to wild 
fruits instead of to insects, but the conditions favor frugivorous 
species. 

With these brief general statements, we pass to a consideration of 
the bird enemies of a few of the well-known insect pests. 


BIRD ENEMIES OF THE MOLE CRICKET. 


The changa, or mole cricket (Scapteriscus didactylus), is without 
doubt the best-known insect in Porto Rico, as it is among the most 
injurious. Though found in other parts of the West Indies, in 
South America, and in southern United States, its ravages reach 
their maximum in the region under consideration. Living almost 
entirely in the ground, it escapes attention for the most part, and the 
adult, with its strong fossorial front legs and chitinous thorax, is 
too large and tough a morsel for many birds. The nymphs, small 
images of their parents, and varying in size with ‘age, are more at- 
tractive to the average bird. At plowing time many are exposed to 
the watchful eyes of their enemies, and others, forced near the surface 
in the lowlands by water in the soil, are unceremoniously haled forth 
and swallowed. The blackbird (Holoquiscalus brachypterus), popu- 
larly considered one of the greatest enemies of “la changa,” in reality 
destroys but few, though it sustains its reputation as a beneficial 
species in other ways, as will presently be seen.. Other species, how- 
ever, make up for the blackbird’s shortcomings, and among them the 
despised martinete (Butorides v. cubanus), ridiculed for its ungain- 
liness, ranks foremost. Standing watchfully, with head drawn in, 
among the short growth of the young cane fields, or walking with 
lengthened stride along the border of lowland pools, it spies and 
avidly swallows both adults and young of the mole cricket. The 
species at present known to aid in suppressing this pest number 21. 


10 BULLETIN 326, U. 8S. DEPARTMENT OF AGRICULTURE. 


and following is a list of them arranged somewhat in order of im- 
portance (figures following the name of each species indicate the 
percentage formed by the mole cricket in the total bulk of the food) : 


Per cent. Per cent. 
Martinete (Butorides v. cubanus)_— 54.33 | Zorzal (Mimocichla a. portoricensis)_ 0.86 
Falcon (‘Falco s. loquacula)_____--- 28.69 | Miicaro (Gymnasio n. nudipes)—-_~ . 60 : 
Playero (Oayechus v. rubidus) —--_- 14.42 | Canario de manglar (Dendroica p. 
Putilla (Actitis macularia) __------ 10.78 cartholemica)) —— ae 3 Pas 
Garza (Florida c. cerulescens) —---- 7.23 | Gorrién(Coturniculus s. intricatus) — - 20 
Judio (Crotophaga ani) —-_--------~ 5.69 | Mozambique (Holoquiscalus brechyp- 
Ruisefior (Mimus p. orpheus) ------ 3. 62 Terie)! SS 2a a a a alae ea 21 
Clérigo (Tolmarchus taylori) ~~ 3.04 | Calandra (Icterus portoricensis) _-- - 21 
Pitirre (Tyrannus d. dominicensis)—- 2.3 Pajaro bobo (Coccyzus m. nesiotes) — qizal 
Jui (Myiarchus antillarum) ——___---~ 1.27 | Zorzal negro (Margarops f. fuscatus)  .16 
Garzon blanco (Herodias egretta)__ 1.00 | Becacina (Gallinago delicata), one 
Julian chivi (Vireo latimeri) _~--__ . 90 bird only examined. 


BIRD ENEMIES OF THE SUGAR-CANE ROOT-BORER. 


The sugar-cane root-borer (Diaprepes spengleri), known also as 
the orange leaf-weevil, is abundant and has long been known as in- 
jurious to citrus stock. The adult feeds on leaves of the sugar cane, 
orange, guava, avccado, mango, rose, and jobo, while recently the 
grub has been found to be the destructive cane root-borer whose 
depredations have been known for some time. The adult is common 
-everywhere in weeds, cane fields, and on trees; and though two 
broods are said to emerge, a few may be found throughout the year. 
The grub, buried in the ground, is exposed to the attacks of birds 
during plowing and cultivation only. None were identified in any of 
the stomachs examined, though adults were eaten commonly by a 
number of birds. The blackbird especially eats large numbers, and 
the remains cf as many as 16 were found in a single stomach. The 
larger flycatchers captured the greatest quantities, and the querulous- 
voiced ani is not far below them in usefulness. The insect was iden- 
tified in the stomachs of 17 species of birds, listed in the order of 
their importance as follows: 


Percent. } Calandra (Icterus portoricensis), in 3 
Clérigo (Tolmarchus taylori) ------ 18. 47 stomachs, 
Pitirre (Z'yrannus d. dominicensis)- 17.19 | Gallito (Lozigilla povtoricensis), in 3 
Jui (Myiarchus antillarum) —_------~ do 22 stomachs. 
Mozambique (Hologuiscalus brachyp- Gorrion (Coturniculus s. intricatus), in 1 
EOTIUS) eee es ele ee 9. 69 stomach. 
Judio (Orotophaga ani)__---_----- 7.09 | Zorzal negro (Margarops f. fuscatus), in 
Miicaro (Gymnasio n.-nudipes)____ 1.80 1 stomach. 
Mariquita (Agelaius wanthomus)_-_ 1.72 | Pajaro bobo (Coccyzus m. nesiotes), in 1 
- Bien-te-veo (Vireosylva c. calidris) - ToL: stomach. 
Ruisehor (Mimus p. orpheus)_—----~ .25 | Pajaro bobo (Coccyzus americanus), in 1 
Zorzal (Mimocichla a. portoricen- stomach. 2 
sis), in 1 stomach. Gallareta (G@Gallinula g. galeata), in 1 
ks . Stomach. 


BIRD ENEMIES OF THE~ WEEVIL STALK-BORER. 


The weevil stalk-borer (Metamasius hemipterus) is more common 
than generally supposed, as numbers were found in the stomachs 
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of certain species of birds examined. The larva bores in the stalks 
of the sugar cane, and the adult insect, a long-snouted weevil, hides 
at the bases of the leaves. It is not at present known to injure other 
crops. . The adult alone is available as food for birds. Fragments of 
these beetles were found in the following: 


Per cent. | Judio (Crotophaga ani), in 1 stomach. 


Mozambique (Holoquiscalus brachyp- Mariquita (Agelaius w«anthomus), in 1 
FEMUR) OSES Searls bn ake 5. 44 stomach. 

Pitirre (Tyrannus d. dominicensis)— 5.30 Calandra (Icterus portoricensis), in 1 

Clérigo (Tolmarchus taylori)-----~ ih 15° stomach. 


BIRD ENEMIES OF THE MAY BEETLE. 


Locally doing great damage, the May beetle, or caculo (Lachno- 
stcrna sp.), may be briefly mentioned as another well-known economic 
species. In the immature stage as the “white grub,” or gusano 
blanco, thousands are turned out in furrows during the plowing sea- 
son and then are exposed to the attacks of birds. The adults are 
strictly nocturnal, and so escape many birds, and the grubs are ex- 
posed for only a short time. However, several birds had eaten either 
grubs or beetles and are listed here. Of these, the mticaro (Gymnasio 
n. nudipes) is by far the most important, and by its nocturnal habit 
can successfully cope with adults when they are flying. 


Per cent. 
Mticaro (Gymnasio n. nudipes)_--- 24. 40 Pitirre (Tyrannus d. dominicensis), in 1 
Mozambique (Holoquiscalus brachyp- stomach. 
EUG) Se ete ee ever ea 1.61 | Capacho (Antrostomus carolinensis), in 1 
Garza (Florida c. cerulescens) _____ 1.00 stomach. 
Pajaro bobo (Coccyzus m. nesiotes) — . O5 


METHODS OF INCREASING BIRDS. 


Though, as has been stated, birds are more common in Porto Rico 
than is locally believed, it is desirable that their numbers be increased 
that they may aid in keeping injurious insects in check. One of the 
first steps in an attempt to increase bird life is to provide adequate 
legal protection both for the birds and for their nests and to make 
sure that the laws are properly enforced. Game laws should restrict 
the hunting of game birds to certain open seasons, as outlined in the 
report which follows; should provide bag limits; and also allow the 
collection of specimens under permit for scientific study and research. 
Although it may seem that birds should be protected absolutely, the 
few used in a proper study of their habits and economic status would 
have no effect on the great mass of individuals of any given species. 
Without such scientific study no advance can be made in knowledge 
regarding the birds themselves. 

As an aid in the enforcement of protective laws no method is of 
more value than the education of school children. If they are taught 
to look on birds as friends and not to disturb them, many a brood of 
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young that otherwise would be destroyed will reach maturity. Courses 
in nature study have been found interesting and profitable wherever 
undertaken in elementary schools, and will prove especially so in 
Porto Rico, The detailed knowledge of the natives concerning their 
island flora and fauna was noted by early historians, and has been 
corroborated and enlarged upon by travelers in the island for many 
years. Every bird, tree, and shrub was recognized and had its name. 
sometimes that bestowed by the aborigines, sometimes a cognomen 
given by the Spaniards from some resemblance toa form with which 
they were familiar in their native land. Now that a considerable 
proportion of the population is concentrated in towns, much of this 
stock of common knowledge is being lost, and many of the younger 
generation are strangers to it. The country boys and girls traveling 
to and from school through the coffee plantations or along the roads 
and trails become versed in the lore of out-of-doors from their elders, 
but in towns lack of this information among children is noticeable. 
Names remain without proper association with the objects to which 
they pertain, and a fund of common knowledge ages old in its incep- 
tion and growth is in danger of being lost. It seems natural for a 
boy to throw stones or break eggs in the nests which his sharp eyes 
discover, but under proper guidance these misapplied energies may 
easily be directed to the encouragement and preservation of his 
feathered friends. 

That birds need shelter as well as protection will not be questioned, 
and owners of plantations should look carefully to providing this 
if it is not already present. A long level stretch of cane or tobacco, 
with not a tree or other obstruction to break its continuity, while a 
pleasing sight to the agriculturist, offers little encouragement to the 
bird in search of shelter and food. A similar stretch of cultivated 
land, with lines of symmetrical royal palms or coconuts along the 
roadways and dense clumps of graceful bamboos adorning the bor- 
ders of streams, while not losing an iota of its productiveness, will 
gain in esthetic charm and beauty and provide an. attractive feeding 
ground for birds which will more than repay the owner in the great 
numbers of injurious insects they consume. 

In cane fields during the preparation of the soil fence posts offer 
convenient perches for such birds as the sparrow hawk and gray 

_kingbird, which require commanding outlooks from which to watch 
for their prey. Later these posts are overshadowed by the cane, but 
if more trees were present inducement would be offered the birds 
to frequent, the fields throughout the season. The jobo (Spondias 
lutea), with its open limbs and small shade, is a favorite perch and _ 

“nesting site of birds, and the spiny trunk is a protection against 
terrestrial nest robbers. 
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All birds desire shelter from the burning heat of the midday sun, 
and this should be made available. Green herons, or martinetes, and 
anis prefer clumps of bamboos, while blackbirds frequent palms. 
Brushy growths on waste lands should not be cleared too closely, as 
they harbor many useful birds, while in localities where birds are 
scarce small plantings might be made on the least valuable soil for 
their encouragement. ‘Tobacco fields seem especially barren of shel- 
ter, and though for a small portion of the year the more valuable 
parts are shaded with cheese cloth, during the remainder birds would 
perform valuable service in ridding the soil of insects. 

Another class of birds needs safeguarding in a different way. In 
the coast region at present are found numbers of little blue herons, 
snowy herons, and green herons, which nest in colonies in dense 
growths of tall mangroves. From these rookeries they spread inland 
into the cultivated areas in search of food, destroying large numbers 
of mole crickets and other injurious insects. These swampy tracts 
are being steadily cut over and cleared in the quest for wood for 
charcoal, and thus breeding places are destroyed. The little green 
heron, or martinete, can survive this, as it nests frequently in bam- 
boos and other trees, but the other species will be greatly reduced in 
numbers unless some of these shelters are preserved. Part of this 
swampy territory is still under government control and could be set 
aside as bird reserves and the important rookeries preserved; but 
where these are found on private land the owners should be far- 
sighted enough to leave untouched portions of the swamps occupied 
by the herons, as such measures will repay them in the long run. 
The most important localities where conditions should be investi- 
gated are between Salinas and Guayama, below Yabucoa, Pifero 
Island off Ceiba, Comezon Cove north of Mameyes, the lagoons north 
of Rio Piedras, the region about San Juan Bay, the coast region 
near Vega Baja, and the swampy regions about Porto Real and 
Joyuda near Cabo Rojo. Suitable localities, even though at present 
cleared, would in a very few years be covered by new growth and so 
furnish shelter. 

The martin, which nests in natural cavities in trees or in crevices 
about buildings in towns, might be attracted to the country if nest- 
ing boxes were provided. A hollowed-out calabash on a pole would 
be as readily accepted as a more pretentious mansion capable of 
housing several pairs, but the shelter should in all cases be placed 
in an open location with a free sweep on all sides and well elevated. 
At present no attempt is made to attract these valuable birds by 
artificial nesting sites, but from their habits they should respond as 
readily as the species found in the United States. 

Persons interested in watching birds about the house might at- 
tract some species by planting a few of the wild fruits of which they 
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are fond and which may be ascertained from the lists given on other 
pages of seeds identified in the stomachs examined. The majority 
of species of birds found in Porto Rico seem to be local in distribu- 
tion; that is, they do not wander beyond their own immediate terri- 
tory, and under proper encouragement and protection their numbers. 
should greatly increase. The tendency is to cut away tree and brush 
growth at the borders of fields and on waste lands and so to decrease 
the available shelters for birds. With these conditions righted bird 
life should multiply and increase to the maximum which can exist 
on the island. 
INTRODUCTION OF BIRDS. 


Six species of birds are known to have been introduced in recent 
years into the island of Porto Rico, though only one, the hooded 
weaver finch (Spermestes cucullata), has spread over a large area. 
Of the others, the quail (Colinus v. cubanensis), introduced near 
Vega Baja, is apparently extinct; and the guinea fowl (Wumida 
meleagris), known for many years as feral on this island, is very 
rare. The South American troupial (/cterus icterus), though found 
in Gundlach’s time in a few localities, has apparently vanished; 
while the scarlet-cheeked weaver finch (Amandava melpoda), unlike 

the other member of the same family, has been known for many 
years only from the southwestern corner of the island and is still 
restricted to that range. There are no records to show how, when, 
_ or by whom these birds were introduced. The turkey vulture 
(Cathartes a. aura), found near Guanica, has not extended its range, 
though conditions are favorable for it over the entire island. None 
of the exotic species acclimated are injurious, and one, the vulture, 
would be decidedly beneficial if more common. The hooded weaver 
finch, at present harmless and living almost entirely on grass seeds, 
might, if rice culture were again attempted on a large scale, do con- 
siderable damage. . 

After a careful study of the conditions the introduction of in- 
sectivorous or frugivorous species would seem to the writer to be of 
doubtful value. Only species of economic importance will here be 
considered. To cope with the island insect pests at present attract- 
ing attention, the birds would have to be of moderate size at least. 
In addition to this they would have to be brought in from near-by 
islands or from continental tropical areas. In the present state of 
our knowledge concerning the food habits and general economy of | 
tropical forms not a single species can be confidently recommended. 

Too little is known of the focd of topical birds to merit their in- 
troduction into Porto Rico. Flycatchers, cotingas, becards, or mem- 
_ bers of the family of troupials, brought from the continent or other 
islands within the Torrid Zone, might prove to be almost entirely 
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frugivorous or develop an abnormal appetite for the abundant 
lizards and tree toads, which already suffer enough from the depre- 
dations of native forms of bird life and under the added weight of 
new enemies might be exterminated. 

It is very doubtful if birds of well-known habits introduced from 
the United States would breed and rear their young under tropical 
conditions. Only an occasional species seems able to sustain itself 
when subjected to a new environment, and in order to do so it must 
be capable of assimilating a somewhat omnivorous diet, as forms 
specialized in regard to food or habits are almost certain to perish. 

Should it be desired, however, to experiment in the introduction 
of extralimital birds, the barn owl (Z'yto perlata) 1s recommended, 
as this bird is almost cosmopolitan in its range. Raptorial species 
are rare on the island, and as the fondness of the barn owl for rats 
is well known it is likely to prove a profitable introduction. In case 
the attempt is made, birds should be secured from Cuba or Jamaica 
or from as far south in the United States as possible, and shelters 
in the form of dove cotes should be provided for them in secluded 
places bordering the cane fields. It would be necessary to supply 
them with a small quantity of food until they become accustomed to 
the change of environment and could become self-supporting. 

Should the birds increase, other shelters would have to be pro- 
vided, as natural cavities are not found in sufficient numbers. 

At present no species capable of coping with the changa or caculo 
can be suggested which would thrive on the island and not be de- 
structive to other interests. In clearing any circumscribed terri- 
tory of its original forest and introducing methods of agriculture 
more or less intensive, great changes are wrought in the relations 
of the manifold interdependent forms of life found therein. This 
is shown plainly in the bird life of the island of Porto Rico. Cer- 
tain species entirely dependent upon forest conditions for a suitable 
habitat have become very rare or in some cases extinct. Others 
more plastic, changing their haunts in conforming with new con- 
ditions, have held their own, or, in a few cases, have increased in 
number. It can not be supposed that in pre-Columbian times, when 
the island was entirely covered with trees, such birds of the open as 
the blackbird, ani, and gray kingbird were found in anything like 
their present numbers. Happily, the disappearing species are not 
highly beneficial and their place is filled by individuals of much 
greater economic value. To introduce a number of foreign species 
when nature is striving to attain equilibrium would only cause fur- 
ther disruption and disturbance. Energies should rather be directed 
toward the increase in number of the native birds, whose habits are 
better Inown and understood. 
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ANNOTATED LIST OF SPECIES. 


FOREWORD. 


The species of birds discussed in the following pages comprise all those known 
at present to inhabit or to visit Porto Rico. For each species are given the 
names under which it is known, a brief account of its habits, and a statement 
regarding its food and economic status. Where deemed advisable, detailed lists 
of insects and other animals, seeds, and fruits identified in the stomachs are 
given in systematic order, so that as the status of other forms of life becomes 
known the relation of the birds to them may be more easily ascertained. Birds 
which have been enumerated by previous authors, but the occurrence of which 
has been found to be doubtful, have been included in brackets, with a brief sum- 
mary of their status. A bibliography of important titles referred to in the 
preparation of this paper is given and, though not exhaustive, will prove of 
value. In citations reference is made to author, year of publication, and page. 
In case of two titles by the same author in one year, the second is distinguished 
by the letter a, following the year. 


ANTILLEAN GREBE. Podilynbus podiceps antillarum Bangs. 
ZARAMAGO, ZARAMAGULLON, SARAMAGULLON. 

The Antillean grebe is known in the lagoons along the coast, but is retiring and 
seldom seen. In some of the large lagoons it is resident, though migrants un- 
doubtedly occur in the winter months. At the Laguna de Guanica these birds 
were fairly common the last of May and very wild from much hunting. July 9 
I saw two pairs on a large lagoon northeast of Manati that were evidently 
mated. As I walked along the shore they swam out, two together, with the 
male bowing and nodding, advancing and retreating before the female, cackling 
loudly, kah kah kah. One pair was seen feeding offshore, diving regularly in 
the shallow water. 

They occur at times in very small sloughs where there is an abundant growth 
of water plants to protect them, as in the charcos along the Bayamon River, 
near Bayamon. Here they are seen only by chance, perhaps merely a ripple 
in the water betraying their passage in the dense vegetation. 

Food.—The stomach of a single bird collected at the Laguna de Manati July 
9 contained fragments of 2 dragon flies and more than 25 small crawfish. Be- 
sides this there was the large mass of feathers always found in grebe stomachs, 
in the present case forming more than 65 per cent of its contents. Bowdish 
(1902-8, p. 857) found the remains of three crawfish in one stomach, together 
with a small quantity of “mammal hair,” which may have been the feathers 
alluded to. From such meager data the grebe appears to be beneficial in Porto 
Rico as elsewhere. 


WEST INDIAN GREBE. Colymbus dominicus dominicus (Linnzeus). 
TiGua, SARAMAGULLON, ZARAMAGULLON. 

The West Indian grebe is undoubtedly a rare resident in Porto Rico, for while 
small grebes are reported from several localities none were seen. Gundlach 
(1878, p. 395) found them at the Laguna de Guanica. Stahl (1887, p. 453) evi- 


‘dently did not consider them resident, as he says that they occur on the ponds 
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in winter. Richmond (MS.) notes specimens in a collection of birds in San 
Juan, taken by Stahl. In general this species is said to resemble the Antillean . 
grebe, and probably agrees with it in food habits. 


[RED-BILLED TROPIC BIRD. Phaéthon ethereus Linneus. 
GALLINAZA. 


The red-billed tropic bird is uncertainly attributed to Porto Rico, though there is reason 
to suppose that it occurs occasionally at least. Catesby (17438, p. 14, Appendix) said 
that the birds bred in great numbers on some little islands at the east end of Porto Rico. 
Taylor (1864, p. 172) remarks under this species that he frequently saw tropic-birds fly- 
ing about the harbor of San Juan, and all later authors appear to have quoted him. In 
habits, food, and general appearance it is said to resemble the yellow-billed species.] 


YELLOW-BILLED TROPIC BIRD. Phaéthon americanus Grant. 
GALLINASSA, GAVIOTA, RABIJUNCO, CHIRRE DH ALTURA. 

The yellow-billed tropic bird is fairly common around Porto Rico. On the 
wing it is very strong and graceful, beating back and forth with long tail feath- 
ers blowing in the wind. The call note is a harsh, gull-like kik. 

July 5 three were seen near some rocky cliffs north of Quebradillas, where 
they circled with rapidly beating wings about 40 feet above the water, swinging 
far out to sea and then returning to the shore. Gundlach (1878, p. 419) found 
them nesting on the rocky cliffs in this same locality. He secured fresh eggs 
April 5, and describes the plumage of the young. 

Food.—Of two stomachs of this species available for examination one was 
entirely empty, though the bird was taken in the midforenoon. The other con- 
tained a few remains of fish bones. Fish undoubtedly form the great share of 
- their food. The birds are too few to be of economic importance and the fish 
- eaten are of little value. 


BROWN PELICAN. Pelecanus occidentalis Linneus. 
ALCATRAZ. 

The brown pelican is common in the coastal region of Porto Rico, Vieques, 
and Culebra, but is not known around Desecheo and Mona Islands, where shal- | 
low protected bays are lacking. The birds occur more commonly where there 
is shoal water over reefs, or in bays where small fish are abundant. The nest- 
ing season probably begins in February and extends to September (Gundlach, 
1878, p. 416). Richmond (MS.) saw a young bird in a store window in San 
Juan March 29, 1900. Specimens seen in April and May had the seal-brown 
feathers of the nuptial plumage on the back of the neck. The birds are said to 
breed in June on sandy keys off the Playa at Humacao, and on the low flat 
islet known as Caballo Blanco at the entrance of Port Mulas, Vieques Island. 
On May 8 at Yabucoa a young bird three-quarters grown and well covered 
with fine gray down was seen on a mud bank at the mouth of a river. It 
showed no fear and was easily caught. When examined it objected by snapping 
the bill loudly, but did not attempt to bite. Upon being released it merely swam 
off a few feet and then remained quiet on the surface of the water. : 

Food.—The stomach and pouch of a specimen examined in the field contained 
_ small fish only, and these apparently form the entire food. Unless about a fish 

hatchery (and there are none at present in the islands) they are harmless and 
worthy of protection. Though the fish taken are commonly used as food by man, 
they are so abundant that the few eaten by the pelicans are negligible. 
RED-FOOTED BOOBY. Sula piscator (Linneus). 

_ Pasaro Bogo. 


Red-footed boobies were seen on Desecheo Island frem June 13 to 16 and. 
were much fewer in number than the common booby. Those on the island, 
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about 2,000 in all, were gathered in a close colony 200 feet above the water 
among growths of West Indian birch (Hlaphriwm simarubra) and other shrubs. 
The adults in white plumage were very conspicuous and were much wilder 
than either the young or the other species of booby. From 8S. leucogastra 
they can readily be distinguished by their smaller size, even on the wing. 
Second-year birds in a grayish plumage with white tail and undertail coverts 
were seemingly in pairs and ready to nest. These birds were much lighter 
on the wing than the larger species and rose with less effort. Their general 
habits were the same as those of the larger bird. They have not been recorded 
from Porto Rico before, though Bowdish (1902-3, p. 358) noted that there 
may have been a second species of booby on Desecheo Island at the time of 
his visits. 

There is some uncertainty as to the breeding period of the two species of 
boobies here. Native fishermen say that they nest in October or December, 
while W. W. Brown, jr. (Cory 1892a, p. 229), found them nesting on Mona 
in February. From the condition of plumage in some of the young birds, 
they might have been hatched about that time, but others were evidently older. 
It is probable that some of the birds nest irregularly throughout the year, as 
the seasons are not sharply defined. In food and economy this species does 
not differ essentially from the common booby. 


BOOBY. Sula leucogastra (Boddaert). 
PasgAaro Boso, BUGUERE. 

A. booby rookery is reported on some rocky islets between Culebrita Island 
and Cayo Norte, the birds coming in the last of April and nesting through 
May and June. Men are said to gather their eggs occasionally, but the birds 
are probably not much disturbed. These birds are protected by law, as the 
small islands surrounding Culebra have been set aside as a national bird reser- 
vation and as such are under the jurisdiction of the United States Department 
of Agriculture. 

Boobies are found at times along the coast of Vieques Island also, and on 
Desecheo Island this species is the most abundant bird, a conservative estimate 
made in June placing its numbers at from 8,000 to 10,000. These birds are said 
by the fishermen to nest here from late June until October, and a few were 
seen playing with sticks and straws as though contemplating nest building. 
So-called sportsmen have visited Desecheo occasionally and shot these help- 
less birds merely to see them drop. The veriest tyro can hardly miss one 
even on the wing. They are unfit for food, and, having little fear, circle 
repeatedly over those already killed. 

Field examinations of stomachs of boobies showed only remains of fish, 
though marine invertebrates doubtless are taken to some extent. Passing 
their lives about these remote islands, the fish eaten by them are of little or 
no economic importance, even though the birds are numerous. The colonies 
here are now safe under Federal protection, and the birds should maintain 
their numbers. 


MAN-O9-WAR BIRD. Fregata magnificens Matthews. 
RABIJUNCO, RABIHORCADO, TIJERILLA. 

The rabijunco is well known to the fishermen around the coast line of Porto 
Rico and its appearance is supposed by some to presage a storm. About 
Vieques and Culebra Islands they were occasionally noted soaring high over 
the ocean, usually well out from land. At Culebra, on April 11, one flew down 
and picked up a dead tropic bird which I had shot, but dropped it after carry- 
ing it a few feet. On another occasion in half a gale one flew over the town 
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of Playa Sardine in pursuit of a royal tern, calling kik kik kik sharply. The 
tern zigzagged back and forth, but its pursuer followed without apparent effort, 
although it finally gave up the chase. August 1 an adult female was seen in 
San Juan Harbor, circling over the marina and custom-house, curiously watch- 
ing men at work on the water front. Bowdish (1902-3, p. 359, and in MS.) 
states that he found an abundant breeding colony on Mona Island. 

On Désecheo Island from June 13 to 16 there were about 175 adults, all hav- 
ing young three-quarters grown. The majority of the young, one in a nest, 
were well feathered except about the head, although two were still entirely 
covered by down. The eggs are said to be laid in October. Four breeding 
colonies were located on the island, three of them within 400 feet of the 
water, and one near the top of the highest hill. The young sat quietly on the 
small platform nests with heads drawn in on the shoulders, but when I came 
near they clattered their bills loudly, and, snapping and squealing, gave up 
peace offerings in the form of unsavory masses of partly digested fish, while 
they crowded back, taking care, however, not to leave the nest. When nests 
were close together the young were continually fencing with their bills, 
rattling them loudly, and flapping their wings. One that I kept at camp was 
always ready to fight, but spent its. time when undisturbed in sleeping or 
resting quietly with head drawn in on the shoulders. The food of the birds 
was entirely small fish, though the one at camp occasionally swallowed bits 
of meat. Usually, however, even when placed far down in the throat, meat 
was ejected by shaking the head violently sidewise. 

Family cares did not seem to weigh heavily upon the adults. In the early 
morning they were at the nests, but were always on the wing by full daylight, 
-and from then until evening passed most of their time circling in flocks over 
the island. As nearly as could be ascertained, the young were fed morning 
and evening and were seldom visited during the rest of the day. Sometimes 
three flocks of adults were seen circling slowly around, the highest mere specks 
in the sky. At dusk the birds returned with squealing calls, and there was 
considerable uproar in the rookeries until all were settled. Usually the long 
forked tail was held closed in flight, but occasionally was opened and shut 
scissors fashion. 

These birds may at times be predacious, as shown by the actions of the one 
which attempted to carry off the tropic bird, and by their habit of pursuing 
gulls, terns, and possibly boobies, for the food that they may disgorge. 'The 
same remarks apply to their economic status as to that of the booby. 


YELLOW-CROWNED NIGHT HERON. Nyctanassa violacea (Linneus). 
YABOA, YABOA REAL, GUANABA. 

The yellow-crowned night heron is apparently becoming rather rare in Porto 
Rico. Gundlach (1878, p. 363) records it as common, and Bowdish (1902-8, 
p. 359) also so speaks of it in the localities that he visited. He found it even 
on Mona Island in August, 1901. It is a bird well known in the coast region, 
and the fact that it is considered a game bird and prized for the table explains 
its lessening numbers. The bird inhabits the mangroves and heavy forests cov- 
-ering the swamps, and near Mameyes one was flushed from a coconut palm. 
In the mangroves they sometimes slip away on foot and hide. 

The single stomach examined was taken in the middle of the day and was 
entirely empty. Bowdish (loc. cit.), however, found fiddler crabs, two eels, and 
two crawfish in stomachs which he opened. From these meager data the food 
of the birds would not seem to differ materially from that of other herons. 
- Detailed examination might show that they feed to some extent on the mole 
ericket. For the present at least they should be removed from the list of game 
birds and afforded protection. 


BIRDS OF PORTO RICO. 91 


BLACK-CROWNED NIGHT HERON. WNycticorar nycticorar nevius (Boddaert). 
YABOA, YABOA REAL. 

The black-crowned night heron was apparently fairly common at one time in 
Porto Rico, though there are no recent records of its occurrence. Sundeyall 
(1869, p. 602) received a single specimen from Hjalmarson, and Gundlach 
(1874, p. 313) records it as in Hjalmarson’s collection in Arecibo. Gundlach 
also (1878a, pp. 161, 187) notes specimens taken by himself and says (1878, 
p. 862) that is was not rare. Stahl (1883, p. 150) had five specimens in his 
eollection. Beyond this nothing is known of its occurrence. 


LITTLE GREEN HERON. Butorides virescens virescens (Linneus). 
MARTINETE. 

A specimen of the little green heron in the United States National Museum, 
taken at Fajardo, February 16, 1899, by A. B. Baker, has been identified by 
Oberholser (1912a, p. 540) as this subspecies. This is the only record at 
present for the West Indies. 


CUBAN GREEN HERON. Butorides virescens cubanus Oberholser. (PLATES III and IV.) 
MARTINETE, AGUAIZA-CAIMAN, 

The Cuban green heron is one of the commonest birds in Porto Rico and is 
distributed all through the coastal plain. On the northwest coast at Quebra- 
dillas and along the south coast in the dry regions they frequent the borders of 
streams mainly, though found occasionally in dry upland pastures (Quebra- 
dillas). The irrigated lands of the south coast are peculiarly adapted to their 
needs, and along ditches and channels in the fields they feed in abundance. 
In the lagoon region their centers of distribution were in the mangroves and 
swamps, and from these they spread into the surrounding cultivated lands. 
At Yabucoa they fairly swarmed in such localities and did an incalculable 
amount of good. After the breeding season they seem to wander inland. On 
Vieques they were tolerably common about the lagoons, but only a few were 
seen on Culebra. May 8, at Yabucoa, the number seen was estimated at be: 
tween 1,500 and 2,000, all breeding adults. 

Clumps of bamboos along streams were favorite perches. To these growths 
numbers retired to escape the burning heat of the midday sun, and in many 
localities they were used as nesting sites. Most of these birds, however, still 
nest in the mangroves and swampy growths bordering lagoons and lowland 
streams. 

The breeding season extends from the first of February to the end of May 
and the young are well grown by July 1. The nests are simple structures of 
sticks. One examined May 8 near Yabucoa contained three fresh eggs of a pale 
greenish color marked with lime deposits on the shell. 

Green herons are nearly always tame, unsuspicious birds, and seldom fly 
until closely approached, except in regions where they are much hunted. When 
they do flush, they rise with a series of squawking notes and before going far 
light on the ground again, on a fence post, or the limb of a tree. Sometimes 
they endeavor to escape notice by drawing the body up, pointing the bill straight 
in the air and presenting the striped breast to the observer. In feeding they 
follow slowly along the borders of marshes and lagoons, never wading in deeper 
water, as do the larger long-legged herons, or follow along the rows in the eulti- 
vated cane fields. Open pastures are favorite localities also, and here they 
work through the short grass, preferring low damp localities, but not neglecting 
those high* and dry. Unless very hungry they are rather sluggish, and fre- 
quently spend an hour or more standing motionless with the neck drawn in. 

The ordinary note is a harsh squawk, though frequently after alighting 
they give a clucking note, while a note of anger may be represented by kek 
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kek chuck chuck. A gunshot along a stream where they are commen always 
ealls forth a series of protesting squawks from birds hidden in clumps of bam- 
boos and at the edge of the water. At the end of the breeding season, after 
the first of July, the young birds were abundant and were continually harried 
and pursued by the adults, which flew after them in the air or ran at them on 
the ground with open mouths, so that only in the bushes were they safe. 

Wheré slopes along the streams are steep, as at Comerio, the birds remain 
close to the water. In more level localities they wander a great deal. 

Food.—Fifty-one stomachs, collected from December to August, were avail- 
able in studying the food of this bird. In these animal matter made up 99.18 
per cent and vegetable 0.82 per cent. Orthoptera and crustacea form a large 
part of the animal food, and the vegetable matter is merely rubbish. 

Animal food.—The destructive mole cricket (Scapteriscus didactylus), so 
well known in Porto Rico, forms 54.83 per cent of the total food of the period. 
No other bird of the Porto Rican avifauna eats them to such a large extent. 
They appear in 31 of the stomachs examined and in some make up the entire 
content. Three stomachs taken in January and two in August contain little 
else, while the smallest proportion, 18 per cent, occurs in the month of June. 
Both adults and nymphs were eaten, and one stomach contained 9 of the insects, 
while another had 11 pairs of jaws in it. Other orthopteran remains, amount- 
ing to 5.92 per cent, were found in 12 birds, and in 8 the remains were those 
of Locustide. One stomach contained a large grasshopper identified as Neo- 
conocephalus macropterus, another a locust (Plectrotettix gregarius), and 
. another a cricket (Gryllus assimilis). Dragon-fly larve, with the abdomen of 
-one adult and several damsel flies, were found in 12 stomachs and figure as 
-8.84 per cent of the food. Insects of other orders formed but 6.73 per cent. 
One stomach contained a predacious diving beetle (Acilius circumscriptus), 
another a click beetle (Drasterius sp.), a third a small lamellicorn (Atenius 
gracilis), while a water scavenger beetle (Tropisternis collaris) and larvee of 
others occurred five times. Aquatic bugs were found in nine cases, water 
bugs and back swimmers being best represented, while one water strider (Gerris 
marginata) was identified. Moth remains and a eaterpillar represent the 
Lepidoptera, and one bird had eaten an ant. Other insect remains comprised 
Neuroptera in three stomachs and Diptera in three others. 

Although fish remains appeared in 16 cases, they form only 9.52 per cent of 
the food. Small killifishes and gobies (Dormitator sp.) were found, all of small 
size. Crustacea had been eaten by 18 of the birds, small crabs in two stomachs 
and crawfish (Macrobrachium olfersii, Xiphocaris elongata, and others) in the 
remainder, forming in all 14.71 per cent. Five stomachs contained lizards of 
the genus Anolis, constituting but 1.15 per cent of the food. One was specifi- 
cally identified as Anolis pulchellus. Three stomachs contained bones of the 
little tropical frogs Leptodactylus albilabris, known universally in Porto Rico 
as ranas, and these formed 0.61 per cent. Miscellaneous animal matter, con- 
sisting of spiders, a copepod, a marine annelid, and aquatic worms, amounted 
to 2.387 per cent for the nine months represented. 

Vegetable food.—Vegetable matter, almost entirely accidental, was found in 
11 stomachs. A few seeds of purslane (Portulaca oleracea) and two seeds not 
identified had been eaten by one bird, but the large’ part of the vegetable matter 
consisted of bits of grass and vegetable fiber. Only one immature bird had 
eaten a large amount of vegetable matter. ~ 

Owing to its unsuspicious nature and the ease with which it can be killed, 
.the green heron suffers more than any other heron at the hands of ‘“‘ sportsmen,” 
but the bird is of the greatest economic importance and one that should be 
protected at all times. The small portion of rather unsavory meat on its body 
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is insufficient to warrant the hunting of a bird which from the standpoint of 
the agriculturist is one of the most important species on the island. It should 
be protected, especially at nesting time, and encouraged by planting bamboos as 
permanent shelters along streams and drainage ditches. This species should 
hold its own and even increase largely, because of its adaptability to new con- 
ditions. The south coast especially, with the present area under irrigation 
and large projects under way, is very favorable to the green heron, and this 
bird is one of the few economic species especially adapted to that region. 


LITTLE BLUE HERON. florida cerulea cerulescens (Latham). 
GARZA, GARZA AZUL. 

The little blue heron, rather evenly distributed around the coasts of Porto 
Rico and absent or rare only where there are no marshy grounds or lagoon 
areas, was perhaps more abundant near Mameyes, Yabucoa, and Guanica than 
elsewhere. On Vieques it was the most common heron, and a few were seen 
on Culebra Island. 

The birds inhabited lagoons, mangrove swamps, and marshy borders of rivers 
and were common in wet lowland cane fields. They often fed inland along the 
rivers and in the cane fields 3 or 4 miles from the coast. When disturbed, the 
ordinary note of the bird is a harsh kar-r-rk. The flight is strong and direct 
and in a high wind rather graceful. Nests which the birds had apparently just 
built were seen near Mameyes as early as February 9, while near Yabucoa a 
large colony had eggs the first of May. The nests were loosely constructed of 
twigs and were situated from 10 to 30 feet above the ground in mangroves 
and other trees in the swamps. The largest colony seen, near Yabucoa, con- 
tained over 150 pairs. In this rookery the birds left the nests when disturbed 
and eircled overhead, some perching on dead limbs, craning their necks, and 
creating great bustle and general confusion. A mongoose, seen rather methodi- 
eally searching the open ground under the trees, would without doubt have dis- 
posed of any fallen young. When breeding, the birds passed back and forth 
morning and afternoon to feeding grounds in the cane fields, many of them going 
several miles inland. When flushed in the cane fields, they returned to the 
eoast region and did not light in the bamboos or other trees, to return to the 
ground later, as the green herons do. Sometimes after circling several times 
high in the air they dropped back a distance away to feed. Flocks of 15 or 20 
sometimes waded out in shallow bays at low tide, searching for food, and 
when the tide came in retired to the mangroves. 

After the breeding season little blue herons appear to spread out more and 
wander inland, occasionally as far as the base of the foothills, so that in 
August they were seen on the Guanajibos River below San German. Some 
birds go even farther up along the streams. On Vieques Island they flew 
inland with regularity to feed in the dry pastures. Usually three or four 
came together soaring and sailing and then circled slowly to the ground, where 
they walked about looking for food. On Culebra Island one was found only 
occasionally in the mangroves. ; 

Many birds in white and in pied plumage were seen, and many of those taken 
in February were molting. 

When undisturbed, as near Mameyes on the northeast coast, they become 
very tame. When a boat passed through the channels, the herons flew out con- 
tinually from the mangroves with a rush of wings and harsh calls, alarming 
all other denizens of the Swamps. 

Food.—Fifteen stomachs of the little blue heron taken in February, March, 
May, June, and August were found to contain animal matter to the extent of 
97.22 per cent, leaving 2.78 per cent for vegetable content. Miscellaneous 
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insects, lizards, and crustaceans form the bulk of the animal food, while the 
vegetable matter is accidental rubbish secured with other food. 

Animal food.—Mole crickets (Scapteriscus didactylus) make 7.23 per cent 
of the total and were found in six stomachs. . In one bird taken at Yabucoa 
I counted 35 jaws, and in each of two others were found two entire adults.. 
Other insects formed 31.51 per cent, so that nearly two-fifths of the food of 
this bird is taken from the great class Insecta, a surprising amount for a bird 
of such aquatic habit. Nymphs of grasshoppers and locusts were found in 
five stomachs and caterpillars in four. Water bugs and water striders figure 
in three instances and dragon-fly larve of the suborder Anisoptera twice. Water 
scavenger beetles occur five times and several were identified (Hydrophilus sp., 
Stethozus ater, Tropisternus nimbatus, and Berosus sp.). May beetles (Lach- 
nosterna sp.) had been eaten by two birds and figure as 1 per cent of the food, 
while another scarabeid beetle was found in one instance. Only one insect 
belonging to the order Hymenoptera was found. Miscellaneous animal matter, 
composed of two frogs (Leptodactylus albilabris), one spider (Tetragnatha 
antillana), and some indeterminate material, forms 0.59 per cent. 

Crustaceans were present in 8 of the 15 stomachs examined and form 27.4 
per cent of the contents. Crabs of four species (Uca pugnax rapaxz, Aratus 
pisonu, Sesarma (Holometopus) roberti, and Goniopsis cruentata) were iden- 
tified in five individuals. Two species of shrimps (Macrobrachium acanthurus, 
and M. olfersii) were noted four times. Lizards form 29.44 per cent, and are 
probably the food sought when the birds visit the inland pastures. 'Twenty- 

-one small lizards (Anolis sp.) were found in one stomach, together with ground- 
up remains of several more. Another contained three lizards of larger size 
(Anolis pulchellus), and four the ameiva (Ameiva erul). A small goby was 
found in one stomach. 

Vegetable food.—The vegetable food, 2.78 per cent, may be considered entirely 
as rubbish, though it included seeds of purslane (Portulaca oleracea) and one 
other species. The great portion, however, was merely taken in with other food 
and in no ease forms an appreciable bulk of the stomach contents. 

The practice in many localities of treating these herons as game birds is to 
_ be deplored, as they are highly beneficial. At Yabucoa it was common for 
parties to hunt “ garzas,” and, although the little green heron suffered too, the 
blue heron, being larger, was more prized for the table. Their breeding grounds 
everywhere are being encroached upon by the charcoal burners, who are eutting 
the mangroves, and unless measures favorable to these herons are adopted a 
bird of considerable economic importance will be lost to the island. Men were 
seen busily engaged in cutting trees near the largest colony, and in a short time 
would have reached the rookery itself. By making reserves of some of the 
places occupied by the herons and by forbidding their hunting at all times 
their numbers should materially increase. Their flesh is inferior at best, and 
as for “sport,” such a term can hardly be used in connection with the pursuit 
of large straight-flying birds like these, even though abc hunting has made 
them rather wary. 
. The harm done by the birds in the destruction of lizards is greatly out- 
weighed by good done in other directions, and lizards, except in case of the 
ameiva, do not seem to be decreasing in numbers. The value of this heron to 
the agriculturist lies in its destruction of the mole cricket and other injurious 
insects. 


LOUISIANA HERON. Hydranassa tricolor ruficollis (Gosse). 
GARZA,:GARZA DE CUELLO ROJO. 


Gundlach (1878, p. 356) found the Louisiana heron only on the aanthered 
coast at Boqueron, where it was common. In the present work the species was 
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STOMACH CONTENTS OF A CUBAN GREEN HERON, OR MARTINETE (BUTORIDES 
, VIRESCENS CUBANUS.) 


The martinete ranks first among the bird enemies of the mole cricket, or changa (Scapteriscus 
didactylus). Sixteen entire changas and fragments of others were found in one stomach. 
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geen in the lagoon region between Salinas and Guayama, where on May 3 
several were wading in shallow bays and pools. There are no other definite 
localities recorded for it on the island. The single bird examined had eaten 
16 small fish from 1 to 2 inches long, among which was 1 goby, the others being 
killifishes. These are all food fishes, but not of sufficient value to condemn the 
bird, as it is too rare here to do any appreciable damage. 


SNOWY EGRET, SNOWY HERON. JLgretta candidissima candidissima (Gmelin). 
GARZA, GARZA BLANCA. 

The snowy egret is resident in Porto Rico, being distributed throughout the 
lagoons of the coastal region and about the mouths of the rivers, usually rang- 
ing 3 miles or more inland. After the breeding season the birds appear to 
wander, as on August 8 one was seen flying up the Rio Vivi at Utuado. While 
still fairly common, especially in the large, more inaccessible swampy regions, 
the egret has suffered much at the hands of plume hunters, and I was told 
that as late as 1910 plumes had been offered for sale in Caguas. 

March 16 about a dozen were seen on Piilero Island, off Fajardo, where they 
are said to breed. At Salinas the birds were said to be nesting on low mangrove- 
covered islands lying offshore, and parties of three and four were seen flying 
back and forth between these islands and the mainland, frequently 200 feet in 
the air. 

In the lagoons snowy herons joined other larger species at low tide, wading 
in shallows over the reefs in the bays, or at the borders of the lagoons, in 
water nearly up to their bodies. Where they are much hunted these birds 
are very wary and, seeming to appreciate that their white color renders them 
conspicuous, are the first among the herons to take alarm. When they leave 
they usually frighten the others. They may readily be distinguished from white 
immature specimens of Florida c. cerulescens, as they have the tarsus black 
and the soles of the feet yellow, while in the little blue heron the tarsus is 
greenish. I‘requently the snowy egret feeds in lowland cane fields, especially 
when these are wet or partly flooded. Often in flocks of three or four they feed 
in the dry upland pastures. 

Food.—Two stomachs were available for examination, both of birds which 
had been feeding in mangrove swamps. The main content of these is animal 
matter, vegetable remains occurring only as rubbish secured with other food 
‘and amounting to but 1 per cent. One bird taken near Rio Piedras had eaten 
two dragon-fly nymphs, a small crab, a lizard, and a small frog. The stomach 
of the other, secured near Mameyes, was nearly filled with bones of small 
gobies, the remainder of the animal food consisting of fragments of flies of the 
family Dolichopodide and bits of a grasshopper. In their excursions to drier 
fields the birds must secure other insects. They feed to a large extent upon 
fish, but the fishes taken are of no great importance and the birds are not 
abundant enough to become noxious. They have been found worthy of protec- 
tion in the United States, and the same course should be followed in Porto 
Rico in hope that they will increase in numbers, when they may assist in hold- 
ing in check the destructive mole cricket. 


EGRET. Herodias egretta (Gmelin). 
GARZON BLANCO, GARZA REAL. 

A few of the large egrets are still found in the lagoons of the coastal region 
of Porto Rico, but they are nowhere common. On February 14, while I was 
crossing Comezon Cove near Mameyes, a fine egret flew out from a nest in an 
isolated clump of mangroves. The nest was merely a loose platform of sticks 
about 20 feet from the water and contained one young bird and two addled 
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eges. On Pinero Island, near Fajardo, there was a colony of about 15 or 20, 
and these were said to breed there every year. 

The birds usually are seen at low tide wading in the shallow lagoons in 
water well up to their bodies, where they work slowly along, looking for food; 
or are seen flying, two or three together, above the surface of the water. They 
are nearly always shy and hard to approach. Formerly much hunted for their 
plumes, they are now so few that the work does not pay, and they are molested 
only by occasional hunters. ’ 

Food.—The single stomach available for examination contained 4 per cent of 
vegetable rubbish taken as extraneous matter with the animal food. Remains 
of one mole cricket (Scapteriscus didactylus) and seven entire grasshoppers, 
with fragments of many more, were found, as well as a moth and three large 
dragon flies. A small goby and seven entire frogs (Leptodactylus albilabris), 
with fragments of others, made up 69 per cent of the contents. Orthoptera 
amounted to 15 per cent, a surprising fact and one that should be given due 
weight in considering the status of this species. The egret should be accorded 
the fullest protection or it will disappear entirely from the avifauna of the 
island. For its beauty and its destruction of injurious insects it is entitled to 
preservation. 


WEST INDIAN GREAT BLUE HERON. Ardea herodias adoxra Oberholser. 
GARZON CENICIENTO, GARZON CENIZO, 
The great blue heron is tolerably common in suitable localities in the coastal 

region, but apparently is merely a winter visitant. Gundlach (1878, p. 352) 
-remarks on its nesting in the island in November and January, but gives no 
definite localities. It may be that the birds occasionally nest here, but the 
larger part of those found occur only in winter, and the summer stragglers may 
be nonbreeders. Only two were noted—at Guanica, May 26—though many 
favorable localities were visited. The few birds seen were shy, and it was dif- 
ficult to approach them, as they have been hunted a great deal. Near Mameyes 
they passed much of the day in the more open portions of the mangrove swamps, 
where fiddler crabs (Uca sp.) were abundant, and they seemed to feed on them. 
At low tide they flew out to the shallow bays, beyond gunshot, to feed over the 
reefs, and kept a sharp lookout for intruders. Here they secured small fish 
and probably crabs. In some localities hunters prize this bird for the table, 
more because of its large size than its flavor. Although not known to be di- 
rectly beneficial to agriculture in Porto Rico, it is worthy of protection, as it is 
not harmful under present conditions. 


[GREAT WHITE HERON. Ardea occidentalis Audubon. 
GARZON BLANCO. 


No actual specimens of the great white heron are recorded, though at one time it may 
have been found in Porto Rico at least occasionally. Gundlach (1878, p. 354) says that 
it was reported from various localities, and states that a white heron seen at the border 
of the Laguna de Guanica (Noyv., 1873) was so large that it could have been no other 
species. Don Tomas Blanco also knew of it near San Juan. Stahl (18838, p. 64) lists it 

without comment, and later records in literature appear to follow these.] 


LEAST BITTERN. IJzobrychus exilis exilis (Gmelin). 
MARTINETH CHICO, MARTINETE. 

The least hittern is a resident species at present found only in a few locali- 
ties along the coast. One was seen December 22 near Rio Piedras and at the 
- Laguna de Guanica May 26 they were fairly common.. Gundlach (1878a, p. 
161) found them at Mayagiiez, Arecibo, and along the Rio Toa at Dorado. 
One was taken at Porto Real (near Cabo Rojo) January 27, 1899, by Dr. J. D. 


- 
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Milligan, of the U. S. 8. Fish Hawk. At the Laguna de Guanica they are un- 
doubtedly resident, as there are large areas of grassy marshes and many 
open stretches filled with growths of the water plants they prefer. Here the 
birds were rather wild and hard to approach, as they are molested a great 
deal by egg hunters. They are found in the grass where the water is from 
1 to 2 feet deep and flush with dangling feet and outstretched neck. Almost 
at once the feet are drawn up, the head is doubled back onto the shoulders, 
and the birds fly off just above the vegetation, to drop back again when out of 
danger. When undisturbed, they sit quietly in the reeds or with long strides 
clamber rather awkwardly through them, grasping the stems in their slender 
toes. Gundlach (1878, p. 350) found a nest containing three eggs at Arecibo 
May 7. The bird seen at Rio Piedras was in a mangrove swamp, but as that 
is rather an unusual locality for them this individual may have been a migrant. 

Food.—Three stomachs from the Laguna de Guanica contained nothing but 
animal matter. Remains of small fish in all the stomachs made up the large 
share of their contents (84.34 per cent). Crustacean remains in one formed 
13.83 per cent, and a bit of an amphibian in one stomach figures as 0.33 per 
cent. Insect matter amounting to 2 per cent in two stomachs was made up 
entirely of fragments of aquatic Hemiptera. Quantities of feathers were found 
in all three stomachs, but they undoubtedly came from the bird itself. The 
bird thus seems to be about neutral from an economic standpoint. In its food 
habits this bittern can not be regarded as injurious, as little or no use is made 
of the small fresh-water lagoon fish, while the crustaceans taken may be con- 
sidered as a point in its favor. The birds are too retiring to attract much 
attention, but should be placed in the protected class. 


BITTERN. Botaurus lentiginosus (Montagu). 
YABOA. 

Gundlach (1878a, p. 161) secured a bittern in November, 1873, at the Laguna 
de Guanica and also records one (1874, p. 3138) in the collection of Blanco at 
San Juan. Stahl had none in his collection, and as no other specimens are 
on record the species must be regarded as a casual migrant to the island. 


[GLOSSY IBIS. Plegadis autumnalis (Linneus). 
Coco, Coco Oscuro. 


The glossy ibis is included here, as Gundlach (1878, p. 366) mentions a drawing of it 
in the album of Dr. Bello, of Mayagtiez. Later records by Gundlach and others are all 
apparently based upon this, so that it can be given only as a hypothetical species. ] 


WHITE IBIS. Guara alba (Linneus). 
Coco BLANCO. : 

Gundlach (1878, p. 364) did not find the white ibis on the island, but says 
that it was reported from the northeastern portion. Stahl (1883, p. 64) listed-it 
without comment, but later (1887, p. 452) mentions it as a solitary species 
seldom found. Richmond (MS.) notes a specimen from Porto Rico in the 
Stahl collection in San Juan, and this is all that is known regarding its occur- 
rence here. Formerly it may have been a resident species, but it is no longer 
found. 


FLAMINGO. Phenicopterus ruber Linneus. 
FLAMENCO. 

The flamingo occurred formerly on Porto Rico and Culebra at least, and at 
an early date was fairly common. Now it is said to be found occasionally in 
the lagoons at Salinas and Aguirre, while stragglers are seen along the coast 
from Guayama to Ponce. In the extreme southwestern corner of the island 
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about El Boqueron and in the lagoons below it, the birds are also reported. 
None were seen in the course of the present work. Gundlach (1878, p. 398) 
found them at El Boqueron and on the south coast, and remarks that they 
are said to be common on the east coast and on the off-lying islands. Ledru 
(1810, p. 209) mentions them from the River Loisa. 


MASKED DUCK. Nomonyx dominicus (Linnzus). 
Pato CHORIZO, PATO DOMINICA. 

The masked duck is probably a rare resident in Porto Rico, though there 
are no recent records for it. Gundlach (1878a, p. 162) took it at the Laguna 
de Guanica and saw it in the collection of Hjalmarson at Arecibo (reported by 
Sundevall 1869, p. 603) and in that of Blanco in San Juan. Stahl (1883, p. 
65) records one specimen in his cabinet as taken in Porto Rico. 


RUDDY DUCK. Erismatura jamaicensis (Gmelin). 
PATO CHORIZO. 

Ruddy ducks appear to be regular migrants to Porto Rico, though I did not 
see any. Gundlach (1878, p. 407) remarks that he found them “ hatching ” 
at the Laguna de Guanica in November, 1873, but says nothing more regarding 
their breeding. At the time of my visit in May, 1912, the Bahama pintail 
(Pecilonetta bahamensis) was common and the only duck nesting there. 
Gundlach (loc. cit., 403) did not record the Bahama pintail nearer than 
Boqueron and it is possible that he may have attributed nests or young seen 

at Guanica to the wrong bird. Stahl (1887, p. 453) also remarks that the 
ruddy duck breeds in Porto Rico, but may have been quoting Gundlach’s 
record. More definite information is necessary in order to recognize the ruddy 
duck as a breeding species. 


BUFFLE-HEAD. Charitonetta albeola (Linnzus). 
Pato PINTO. 

A specimen of the buffie-head was found by Richmond (MS.) in Stahl’s col- 
lection of birds, which he examined in San Juan. This is the only record for 
_ the island, and the bird must be considered an accidental visitor there. The 
only other West Indian record is of a bird found in the market in Habana, 
Cuba (Cooke, 1906, p. 52). 


RING-NECKED DUCK. WMarila collaris (Donovan). 
PATO DEL MEDIO, PATO SILVESTRE. 

The only certain records for the ring-necked duck in Porto Rico are those 
of Gundlach (1878, p. 406), who saw a specimen taken in winter near San 
Juan by Blanco, and (1878a, p. 162) also mentions one taken by himself. 
Stahl (1888, p. 65) includes it in his list without comment. 


LESSER SCAUP DUCK. Warila affinis (Hyton). 
PATO DEL MEDIO, PATO SILVESTRE, PATO Morisco. 

The lesser scaup duck is a winter resident and is probably common. Many 
ducks are said to occur on the lagoons of Porto Rico, Vieques, and Culebra 
‘during the wintertime, and it is probable that they are largely this species. 
Gundlach (1878, p. 405) found them common at Boqueron and the Laguna de 
Guanica, and Stahl (1883, p. 154) had specimens in his collection taken prob- 
ably near San Juan. The only place at which this species was certainly identi- 
fied was at the Laguna de Guanica, where a crippled bird was taken May 26. 
A flock of about a dozen seen in the open water on the same date probably 
were of the same species. In April ducks apparently of this species were on a 
lagoon known as Flamenco on Culebra Island. 
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Food.—The stomach of the single bird examined contained fragments of a 
water boatman (Coriza sp.), two water scavenger beetles and the larva of 
another, bits of an undetermined beetle, and many fragments of dragon-fly 
larve, the last item forming 69 per cent of the contents. Six grass seeds 
(Panicum sp.) and bits of two other seeds formed vegetable matter to the 
amount of 4 per cent. 

A close season for all ducks should be established similar to that recom- 
mended for the Bahama pintail. 


[PINTAIL. Dafila acuta (Linneus). 
PATO PESCUEZILARGO, PATO SILVESTRE. 


Gundlach (1878, p. 402) says that the pintail is a winter visitant and that one was 
taken near Arecibo by a friend of his but that he did not see the bird himself. There is 
no certain record. ] 


BAHAMA PINTAIL, BAHAMA DUCK. Pecilonetta bahamensis (Linneus). 
PATO DP LA ORILLA, PATO CRIOLLO, PATO DH FLORIDA, 

The Bahama pintail was noted on Culebra Island and at the Laguna de 
Guanica, but undoubtedly occurs in other favorable localities, especially in the 
winter season. Gundlach (1878, p. 403) found them at Boqueron and San 
Juan. 

May 26 the birds were common at the Laguna de Guanica, where they would 
flush singly or in pairs from a growth of water plants covering a large area of 
the lagoon and, after circling over the open water, return to the same cover. 
Once in the short grass of a marsh a female flew out, but almost immediately 
fell back as though with a broken wing, repeating the performance several 
times. At the same time the low peep peep of young birds was heard and 
two about 5 days old were caught. A third promptly dived and apparently 
never came up, while the others rapidly scattered to safety through the grass. 
The down of these little birds was not at all soft, but had a peculiar stiff 
bristly feeling. 

Food.—Stomachs of eight adults and two downy young which were collected 
were examined by W. L. McAtee, of the Biological Survey. The adults had 
eaten nothing but vegetable matter. Seeds of ditch grass (Ruppia maritima) 
were found in every stomach and formed 16.25 per cent of the total bulk, the 
largest amounts being 180 and 125 seeds, respectively. Foliage and antheridia 
of alge (Chara sp.) made up 83.75 per cent and formed the great bulk in 
all the stomachs. The two downy young had eaten animal matter (amount- 
ing to 3.5 per cent), composed of remains of a water boatman (Coriza sp.), 
bits of a water creeper (Pelocoris sp.), and young snails. Grass seeds, foxtail 
grass (Chetochloa sp.), barnyard grass (Hchinochloa crus-galli), and a species 
of guinea grass (Panicum sp.) formed 94 per cent of the food of these duck- 
lings and a few other seeds 2.5 per cent. 

These birds were much disturbed by egg hunters who were continually 
searching the marshes, and many were shot by gunners during the breeding 
season. They should be free from molestation from March 1 to December 1 
at least. In a few years their range will be even more restricted than at 
present, because of the draining and clearing of swamps and marshes, and un- 
less protected they will disappear entirely. 


SHOVELER. Spatula clypeata (“Linneus). 
Pato INGLES, Pato CUCHARETA. 


The shoveler is, from all accounts, a tolerably common winter visitor in 
Porto Rico. Gundlach (1878, p. 404) says that it is found from fall until 
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April, and there are several specimens on record. (Sundevall, 1869, p. 603: 
Stahl, 1883, p. 153.) 


BLUE-WiNGED TEAL. Querquedula discors (Linneus). 
PATO DE LA FLORIDA. 

According to all reports this is a common winter visitant, being the most 
familiayly known duck, though I saw none. Gundlach (1878, p. 404) writes 
that it is abundant, arriving in September. There are also numerous records 
of specimens. It is to be looked for in fresh-water marshes and charcos as 
well as in larger lagoons. 


BALDPATE. Mareca americana (Gmelin). 
Pato LABLANCO. 

The baldpate is a rare winter visitant in Porto Rico, being reported as 
occasional by duck hunters. Sundevall (1869, p. 603) records a young male 
sent him by Hjalmarson, and Gundlach (1878a, p. 162) secured a specimen, but 
assigns no definite locality. 


BLACK-BELLIED TREE DUCK. Dendrocygna autumnalis -(Linneus). 
YAGUAZA, CHIRIRIA, 

The tree duck is well known to all Porto Ricans, but apparently has become 
very rare, as I did not see one. Taylor (1864, p. 172) found them abundant, 
and later authors record them as common, but they apparently represent a van- 
ishing species. The species still exists, without doubt, in small numbers and 
_ needs absolute protection for a period of years if it is to be preserved as a 
-game bird. The clearing-and draining of many of the swamps has done much 
-toward reducing its numbers by depriving it of cover. Gundlach (1878, p. 400) 
says that the birds feed at twilight, spending the day sleeping or under cover, 
and that they lay from 12 to 14 eggs. Sundevall (1869, p. 603) records them as 
nesting commonly in the island. 


[GREATER SNOW GOOSE. Chen hyperboreus nivalis (J. R. Forster). 
GANSO BLANCO, GUANANA. 

It is said that white geese are occasionally found in fall on the lagoons at Manati and 
that they are sometimes killed. Thus they may be rare winter visitants. Gundlach 
(1878a, p. 190) heard of one captured at Isabela, while Stahl (1883, p. 65) merely re- 

-marks that they are rare. No authentic specimens are on record, so that the bird is in- 
cluded here as a hypothetical species. ] 


TURKEY VULTURE. Cathartes aura aura (Linneus). 
AURA, AURA TINOSA. 


In the dry limestone hills above Guanica the turkey vulture was fairly com- 
mon. It appeared to range casually from Afiasco to Yauco, keeping near the 
coast, though once reported from the summit of the Mata Platano above 
Adjuntas. The species is said to have been introduced from Cuba into the | 
southwestern part of the island by the Spanish Government (Some say, incor- 
rectly, by the Guanica Centrale), the exact date not being known. An old man 
near Yauco who had known them since boyhood stated that their numbers had 
neither increased nor decreased in that time. On one occasion 16 were counted 
circling over a dead bird, and as in such a small area all the birds present 
would be attracted by the circling of a flock their total number was certainly 
less than 25. ‘There is no apparent reason, for their not having increased and 
spread at least the entire length of the dry south coast, as the conditions there 
are apparently as favorable as in this region. Their beneficial habits are well 
known to the country people, so that they are not molested. Probably their 
only enemy is the mongoose, 
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Gundlach (1874, p. 307) says emphatically that the turkey vulture was not 
found in Porto Rico, so that we may consider it as introduced since his travels 
on the island, as he visited the region about Guanica in November, 1873. A. B. 
Baker (MS.) saw several during the latter part of January, 1899. 


PORTO RICAN SPARROW HAWK. Jfalco sparverius loquacula Riley. 
FALCON. 

Dry areas with a rather open brush growth, as on the south coast of Porto 
Rico, were apparently very favorable to the Porto Rican sparrow hawk, and 
in some of these localities the birds were almost abundant. On Porto Rico a 
few were found scattered through the coconut groves along the coast, but they 
were more common in the foothills, and inland on the north coast few were 
seen below 1,000 feet elevation. They are also common on Vieques and Culebra. 
Few were found in the cane fields, as commanding perches from which to watch 
for food were lacking, but they were common about openings in the coffee plan- 
tations. 

Sparrow hawks began to breed about April 1 and were nesting through May 
and June. Many young birds under their parents’ care were found during 
July and August, when they remained quiet in perches shaded from the glare 
of the sun, chiefly in the coffee plantations. When abandoned by the adults, 
the young birds were very noisy and restless, giving voice to their displeasure 
continually. The nests were in cavities in palms and other trees. Many adults 
taken during the breeding season had the tips of the rectrices much abraded 
from wear in the nesting cavity or from bracing on the tree trunks before the 
entrance. A female taken near Salinas, April 30, contained an egg almost 
developed. Fragments of the shell were whitish with scattered cinnamon spots, 
but whether or not all of the color had been deposited could not be determined. 
Three young were the greatest number observed in one party, though Gundlach 
(1878, p. 163) says that from three to five eggs are laid. The birds uttered a 
sharp killy killy killy, and during the early part of the nesting season especially 
were very noisy. On Culebra Island one was seen pursuing a red-tailed hawk 
and screaming shrilly. 

From field observations these little hawks fed largely on lizards picked up 
easily from the ground or captured on fence posts, stumps, or tree trunks. One 
taken at the old naval encampment on Culebra Island had eaten a common 
house mouse. Sparrow hawks were seen on several occasions in pursuit of wood- 
peckers, doves, or yellow-shouldered blackbirds, but none were observed eating 
or holding birds that were certainly identified as such. A. B. Baker (MS.) saw 
one strike an ani in a bush and bear it to the ground. Ground doves were the 
only birds that showed great fear of them. Near Quebradillas on July 3 a spar- 
row hawk swung down under an overhanging ledge with a low chattering call 
and examined several cliff swallows’ nests, but they were apparently empty. 

Food.—F¥orty-eight stomachs of the sparrow hawk were examined, taken from 
January to August, inclusive. Animal food made up 99.68 per cent, and vege- 
table 0.82 per cent. The vegetable matter, composed entirely of rubbish, was 
found in three stomachs and need not be considered,’ as it was not actually 
taken as food. 

Mole crickets (Scapteriscus didactylus) were found in 17 stomachs and made 
up 28.69 per cent of the total food. One bird had eaten four of these destructive 
insects, another three, and several had taken two. They were found in every 
month represented, except August, and occurred constantly in a large series 
collected in March and April. Other Orthoptera formed 20.86 per cent and were 
composed mainly of locusts (Acridide) with a good many kKatydids (Locustide). 
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Remains of small birds in two stomachs amounted to 1.88 per cent. One stom- 
ach contained portions of a Porto Rican grosbeak (Lowigilla portoricensis) and 
another a small black feather only; there is evidently some basis for the fear 
shown these hawks. House mice (Mus musculus) were found in eight stomachs 
and formed 5.59 per cent. They were noted in stomachs taken in March, April, 
and May only. The only real criticism of this small hawk is its large consump- 
tion of, lizards, amounting to 40.4 per cent of its entire food. One ameiva 
(Ameiva exul) was taken, but the great mass was made up of the ever-abundant 
anolis, of which four species were definitely identified (Anolis cristatellus, A. 
gundlachi, A. krugi, and A. pulchellus). Unless of small size, they were usually 
pulled in two before being swallowed. Miscellaneous animal matter composed 
largely of spiders amounted to 2.26 per cent. 

Under present conditions the sparrow hawk must be considered a valuable 
species, as it feeds so largely on the changa or mole cricket. Although many 
lizards, whose food is entirely insects, are taken, their numbers are so great 
that no impression is made upon them. 

The number of mice eaten illustrates to what ae: these rodents have over- 
run the island. The sparrow hawk is not large enough to attack rats, except, 
perhaps, young animals. To encourage the birds about cane fields occasional — 

high perches from which they can watch for prey should be provided along the 
fences. Their numbers should increase in the lowland region, as their natural 
food is abundant and easily obtained. 


PIGEON HAWK. falco columbarius columbarius Linneus. 


_ GAVILAN. 


The pigeon hawk is a rare winter visitant to Porto Rico. Sundevall (1869, 
-p. 601) received a single specimen from Hjalmarson, of Arecibo. Gundlach 
(1878, p. 162) saw one at the Laguna de Guanica and secured a female at Que- 
bradillas. Stahl (1888, p. 186) had specimens in his collection, and Richmond 
(MS.) notes that a small hawk seen at the Hacienda Catalina, in March, 1900, 
may have been of this species. None were seen by me. It is fortunate that this 
little falcon is not more common, as it is one of the few species found that are 
injurious, its food being made up largely of small birds. 


DUCK HAWK. Falco peregrinus anatum Bonaparte. 
GABILAN, HALCON DE PATOS. 

Gundlach (1878, p. 161) notes seeing a duck hawk repeatedly at the Laguna 
de Guanica in November, 1873, where it was feeding on ducks and coots. 
Stahl (1888, pp. 58, 136) found this species about the lagoons and had a female 
from Porto Rico in his collection. It is apparently a rare winter visitant, fol- 
lowing the migrating water birds, and while not abundant enough to be of much 
damage should not be protected. Its food is almost entirely birds of various 
species. 


BROAD-WINGED HAWK. Buteo platypterus platypterus (Vieillot). 
GUARAGUOU DH SABANA, 

The broad-winged hawk was formerly a common resident, mainly in the 
interior, according to Gundlach (1878, p. 160), who secured specimens. Rich- 
mond (MS.) saw one near Utuado April 6, 1900, and identified it certainly. 
This is the only recent record for the bird. Stahl (1883, p. 58) undoubtedly 
erroneously considered it a migrant. Gundlach (loc. cit.) reports its food as 
small reptiles, large insects, and birds. I did not see this hawk during my 
stay on the island and it is very rare at present. 
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RED-TAILED HAWK. Buteo borealis (Gmelin). 
GUARAGUOU, GUARAGUOU Du Siprra, Lucuuza. 

Wherever there are steep hilltops still covered with second-growth forest to 
furnish safe retreats and nesting places, red-tailed hawks are a tolerably com-* 
mon resident species. These birds had the same eall notes and habits as the 
northern forms, but were seldom seen except ata distance. Much persecution 
has made them wary, but so long as they have safe retreats they will continue 
to exist. 

On January 18 one was seen carrying nesting material in the mountains above 
Cayey and a nest seen on Vieques Island the middle of March was said the 
week before to have contained two young two-thirds grown. Young birds were 
noted in July and August and an immature specimen was taken near Manati 
July 11. The birds were most active before 9 o’clock in the morning and after 
3 in the afternoon, spending the heat of the day perched on dead trees. 

Throughout the country these hawks are universally credited with eating 
chickens, though no specific instances were noted by the writer. Near Yabucoa 
one man claimed to have lost eight in a week. Before man’s advent in this 
region the food of this bird must have consisted of lizards, snakes, and birds, 
as there were apparently no mammals except bats on the island. The present 
eustom of allowing chickens to run in the fields and coffee plantations at con- 
siderable distances from houses leaves them open to attack, and there is not 
much doubt that a few at least are taken. Bowdish (1902-8, p. 361) notes the 
remains of rats in the only two stomachs examined by him. Land holders all 
conceded that the hawks ate many rats, and some that they ate crabs and 
lizards also. The country people secure the young hawks for food whenever 
possible. 

From the few specimens at hand it is not possible to determine whether this 
species is allied to the Jamaican bird, or whether it is sufficiently distinct to 
merit a new name. 

Food.—Iwo stomachs only of this species were examined and one was en- 
tirely empty. ‘The other contained the hind quarters of a good-sized rat 
(Epimys sp.), evidence in favor of the bird. Where individuals form the 
habit of eating chickens they should unquestionably be killed, but otherwise 
should not be molested. 


PORTO RICAN SHARP-SHINNED HAWK. Accipter striatus venator Wetmore.t 
FALCON. 

On May 30 a small hawk, which proved to be a new form, was taken at an 
elevation of about 1,500 feet back of Maricao. It came sailing overhead with 
something, presumably a bird, in its talons, and was mistaken at first for a 
sparrow hawk. Another individual was noted the same day, and on June 4 
still another was seen in a dead tree eating a small bird. When shot this bird 
fell down a steep slope and was lost. Apparently these hawks are not only 
rare but are local, as the genus has not been recorded on the island up to this 
time, and individuals were found in this one locality only.. Here they were 
frequenting steep slopes densely covered with coffee, while certain low mountains 
farther inland, covered with an aimost impenetrable second growth, also may 
have harbored them. 

Food.—¥rom the foregoing it would seem that the food was mainly small 
birds, so that the species must be considered as injurious, though in the case 
of a bird numerically so weak this can hardly be considered of importance. 
The single stomach examined contained fragments of a Latimer’s vireo (Vireo 
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latimeri) as well as a few feathers of a honey creeper (Cereba portoricensis), 
thus substantiating field observations. 


OSPREY. Pandion haliaétus carolinensis (Gmelin). 
AGUILA, GUINCHO, AGUILA MARINA. 

The osprey is apparently a rare winter visitant to this region. Bowdish 
(1902-8/ p. 361) notes two from Vieques and one from Mona, while Gundlach 
(1878, p. 158) includes it on the authority of Blanco. Stahl (1883, pp. 58, 136) 
recorded it as a migrant about the mouths of rivers and had one specimen in 
his collection. Along the coast near Mameyes I saw several during February 
perched on stakes in the water or circling over the shallows and occasionally 
visiting swampy lagoons inland; one was seen on Culebra April 8 and another 
April 17. The osprey lives entirely on fish, but it is not numerous enough to be 
of economic importance. : 


GUINEA HEN. Numida meleagris Linneus. 
GALLINA DB GUINEA, GUINEA. 

The guinea hen, formerly common in the forests, has become wild in Porto 
Rico as in the other Greater Antilles. Gundlach (1878, p. 352) records the birds 
as common, and says that their food consists of seeds, wild fruits, maize, rice, 
sweet potatoes, and plantains, and that sometimes they cause considerable dam- 
age to the latter crop. Ledru (1810, p. 207) says that the guinea hen was 
brought to Porto Rico by the Genoese slavers about the year 1508. Stahl (Rich- 
mond MS.) secured a specimen at Cabo Rojo many years ago, and Sundevall 
’ (1869, p. 601) says that they were not rare. At present they are confined to 
natural forest areas, as the Cerro Gordo near Maricao, in Caguana, near Barros, 
‘and on El Yunque de Luquillo. They are few in number and so wild and 
retiring that to secure them is largely a matter of chance. Formerly they were 
considered game birds and hunted systematically. With the clearing of the 
land and the loss of cover, only a small number will survive, and these in the 
most inaccessible regions. They are described as being darker than the domestic 
guinea hen and with a differently marked head. 


CUBAN QUAIL. Colinus virginianus cubanensis (Gould). 
CoDORNIz. 

The Cuban quail was introduced into Porto Rico by Don Ramon Soler in the 
Hacienda Santa Ines near Vega Baja about 1860 (?) (Gundlach, 1878, p. 350). 
Stahl (1888, p. 149) had two specimens in his collection, and Hjalmarson also 
secured some (Sundevall, 1869, p. 601). Bowdish (1902-3, p. 360) saw one on a 
hill near Mayagiiez, but now the bird is apparently extinct. I could not learn of 
any seen recently. 


AMERICAN COOT, MUD HEN. fulica americana americana Gmelin. 
GALLINAZO, GALLARETA, YAGARETA, DAGARHTA NEGRA. 

The coot is found in Porto Rico, usually in flocks on the large lagoons. Many 
individuals appear to be migratory, but the species a8 a whole is resident. They 
were noted as very common on the Laguna de Guanica and on the large lagoon 
porth of Manati. Two birds were seen on Culebra April 13 and 19, respectively. 
On the Laguna de Guanica May 26 a large number were apparently breeding. 
The country people searched the marshes systematically for their eggs, so that 
few escaped. *On a large lagoon north of Manati and Vega Baja on July 9 a 
flock of 300 or 400 was noted, many of them young birds. 

Food.—A coot taken on Culebra had eaten a water scavenger beetle, a num- 
ber of small crustaceans, and a large mass of eggs belonging probably to other 
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crustaceans. Bits of wood and other vegetable matter were present in small 
quantities. A bird from Guanica, taken in May, had eaten a large quantity of 
grass or sedge, with a few small roots. 

The coot, while not ranking high as a game bird, possesses some economic 
value as such in a region where true game birds are scarce, as in Porto Rico. 
It merits protection, therefore, during the breeding season, from March 1 until 
October 1, at least. Nest robbing is at all times a pernicious practice, and if 
taking eggs of coots be permitted, ducks’ nests will inevitably suffer at the hands 
of men who do not care to distinguish between them. 


[CARIBBEAN COOT. fulica caribea Ridgway. 
GALLARETA. 


The only record of the Caribbean coot is that of Cory (1892, p. 91), who assigns it to 
Porto Rico without comment or definite record. It is distinguished from the common 
coot by having a broad red frontal plate on the head. At present it can be considered 
only of doubtful occurrence. J 


FLORIDA GALLINULE. Gallinula galeata galeata (Lichtenstein). 
GALLARETA DH AGUA, YAGARETA, DAGARETA, GALLINAZA. 

The Florida gallinule is resident in Porto Rico, though there is apparently 
some migration among individuals. It is found in quiet water near the mouths 
of large rivers where there are suitable growths of water plants for cover and 
in fresh-water marshes and sloughs. April and May appear to be the breeding 
months, as young about 5 days old were seen near Yabucoa May 8. 

In the marshes and rivers these gallinules are seen frequently swimming 
across open stretches of water, or when encountered suddenly in rounding a 
bend fly up and away, singly or in pairs. If a female with her young is dis- 
turbed she will remain almost within reach, calling excitedly until the chicks are 
safe. Where gallinules are common they are heard cackling and calling on all 
sides and their notes are the dominant sounds of the marsh. Sometimes one 
will clamber up the reeds and balance near their tips, clucking excitedly, but 
usually once they are safe in the growth of water plants they can not be seen 
even a few feet away. The birds are somewhat pugnacious among themselves, 
especially during the breeding season, and may be seen darting at one another 
with open bills. 

In the Laguna de Guanica the country people hunted for their eggs, examining 
every clump of grass or reeds and working the ground so systematically that it 
is a wonder any remain. ‘The birds should be rigidly protected during the 
breeding season, as they are of some value aS a game bird in a country where 
game is scarce. 

Food.—Vegetable matter forms the main sustenance of this gallinule, as four 
stomachs taken in May contained 96.75 per cent, while only 3.25 per cent of 
animal matter was present. A single stomach taken in April held what ap- 
peared to be crustacean eggs to the amount of 95 per cent, but this may be 
exceptional. The other food taken by this bird was vegetable matter, mainly 
grass. ; 

Bits of a true bug (lygeid) were found in one stomach and a small back 
swimmer (Plea striola) in another. Beetles of the water-scavenger family oc- 
eurred in two stomachs, part of a weevil root-borer (Diaprepes spengleri) in 
another, and fragments of two small Hymenoptera in a third. One bird had 
eaten three snails (Paludestrina coronata) and two small bivalves (IMyctilopsis 
leucopheata). 

Grass and rootlets formed 90.75 per cent of the total contents, and seeds made 
up 6 per cent. Among those identified were knotweed (Polygonum sp.), many 
grass seeds (Panicum sp., Paspalum virgatum schreberianum), white-top (Dichro- 
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mena ciliata), fimbristylis, purslane (Portulaca oleracea), pigweed (Amaran- 
thus sp.), cadillo altea (Triumfetta sp.), and heliotrope (Heliotropium indicum). 

A native living near some sloughs below Yabucoa charged these birds with 
destroying and eating the gonduros (Cajanus cajan) in her garden, but I heard 
no other complaint against them, and they may be considered harmless. 


PURPLE GALLINULE. [onornis martinicus (Linneus). 
GALLARETA PLATANERA, GALLARETA MARTINIQUENA, GALLARETA, DAGARETA. 

Gundlach (1878, p. 392) says that the purple galilinule was common in the 
seventies and damaged rice by eating the grain and breaking down the stalks. 
Taylor (1864, p. 171) also found it very abundant in suitable localities, and 
Sundevall (1869, p. 601) received seven specimens from Hjalmarson. Now, 
however, these gallinules are rare, and the only recent record available is that 
of Dr. C. W. Richmond (MS.), who saw one March 3, 1900, near Luquillo, 
walking about on some mangrove roots. Gundlach (loc. cit.) says that they 
build a nest like that of the Florida gallinule and lay from 6 to 10 eggs. 


BLACK RAIL. Oreciscus jamaicensis (Gmelin). 
GALLARETILLA. 

The black rail was first recorded for Porto Rico by Gundlach (1881, p. 401) 
from a bird taken by Stahl. The latter (1883, p. 63) considered it a rare vis- 
itant, and says (1887, p. 452) that it is found in Swampy places and that young 
were taken. Dr. Richmond (MS.) examined a specimen from Porto Rico in 
the Stahl collection in San Juan, presumably the bird upon which the original 


' records are based. 


SORA, CAROLINA RAIL. Porzana carolina (Linneus). 
GALLINUELA, GALLARETA DH CIENAGA, DAGARETILLA. 


The sora is a winter visitant (from October until April) and is found in 
fresh-water Swamps. I did not see the bird, but it is recorded by all the early 
naturalists. The most recent record is that of Dr. C. W. Richmond (MS.), 
who examined one taken at Luquillo March 5, 1900. The bird is known to 
many natives. 


- 


YELLOW-BELLIED RAIL. Porzana flaviventris (Boddaert). 
GALLARETILLA. 

The yellow-bellied rail is a rare resident, formerly rather common. May 26 
in the marshes at the head of the Laguna de Guanica two were flushed from 
a growth of water plants bordering a small open pond about 2 feet deep. 
They got up quickly, flew high and swiftly, for rails, and then dropped and 
were lost in a dense growth of rushes. On July 23 two more, one an immature 
bird, flew up from the water plants fringing a small pond along the Bayamon 
River near Bayamon and dropped over into the denser growth. Gundlach 
(1878, p. 391) found them along the Rio Arecibo. These birds undoubtedly 
occur in other localities, but from their retiring habits escape notice. They 
appear to inhabit fresh-water marshes where the water is fairly deep, hiding 
.in the dense vegetation. They are too small to be considered as game birds, 
even if their scarcity did not preclude hunting them systematically for sport. 


CARIBBEAN CLAPPER RAIL. fRallus longirostris caribéus Ridgway. 
POLLA DE LAGUNA, POLLA DH MANGLH, POLLA DB*MANGLAR. 
The Caribbean clapper rail is apparently not found except on salt water. It 
.is a common species resident in the coastal region, occurring only in the wet 
mangrove Swamps bordering the bays and brackish lagoons, 
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The bird is very shy and inhabits the densest swamps. On Culebra April 
was apparently the beginning of the breeding season and the rails were heard 
constantly. Near Mameyes one was seen slipping like a gray shadow between 
the roots at the edge of a lagoon. 

In the region known as La Playita, near Salinas, clapper rails were abundant 
and by May 2 some had young a week old, while others were still laying. In 
the lower part of the swamps they were heard calling constantly and their 
tracks were seen everywhere in the soft mud. They fed through the more 
open parts of the mangroves here, sometimes darting across openings or even 
swimming across small pools of water. When caught in small isolated clumps 
of mangroves in deep water they frequently flew just above the water with 
a slow direct flight, rather than swim to safety. They ran swiftly, covering 
the ground with long strides, sometimes pausing when in the shelter of the 
mangroves to look back and see what startled them. One female followed by 
six or eight coal-black young was seen in a small opening, but at a slight noise 
all disappeared. One young bird taken was entirely black and had stocky 
legs and big feet. 

Food.—Hleven stomachs of the clapper rail were examined and the food was 
found to be entirely animal matter. A small quantity of vegetable rubbish 
found in one stomach was without doubt taken accidentally and may be dis- 
regarded. Two stomachs were entirely empty, leaving nine available for 
study. Only one contained fish remains and the others, with the single excep- 
tion of the small amount of vegetable matter noted, were filled with remains 
of crustaceans usually finely ground. The great mass of these were identified 
as fiddler crabs (Uca pugnaxz rapaz) and they formed the entire contents of 
six of the stomachs examined and occurred in seven of the nine. Other crus- 
tacean remains, together with these crabs, form 94.45 per cent. 

This bird is of value as a game bird and from its habits is capable of hold- 
ing its own so long as the mangrove Swamps remain. It should, however, be 
protected from March 1 to December 1, at least. 


LIMPKIN, COURLAN. Aramus vociferus (Latham), 
CaRRAO, GUARBAO. 

Although reported from many localities, the carrao, or limpkin, can be 
recorded certaiuly only from the north slopes of El Yunque above Rio Grande, 
the region between Adjuntas and Maricao, and the Hacienda Jobo west of 
Utuado. it is apprrently unknown on the smaller islands and is now very 
rare on Porto Rico. Formerly more abundant, it was highly esteemed as a 
game bird. Gundlach (1878, p. 387) records it as common and nesting from 
the end of December through January, laying from three to five eggs. He 
describes its food as consisting of mollusks, earthworms, insects, crustaceans, 
and land shells. 

In Porto Rico the limpkin inhabits dense wet forest growth in remote locali- 
ties and occurs usually on steep slopes, frequently at some distance above the 
streams. It is said to be found in pairs, and when hunted the birds run rap- 
idly and noiselessly before the sportsman, rarely flying, seeking the densest 
cover. Only in early morning do they come out into the more open forest. 
The natives are said to pursue them on foot through the wet growth. Soon 
the birds’ feathers become too wet for flight, and in a short time, when tired 
out, they may be captured in the hand. The native name is given to the bird 
in imitation of its ery. 

The main part of the food is said to be the common large land shells (Pleu- 
rodonie carocalla), and to some extent lizards. 
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The clearing of the forest has done much to lessen the numbers of this bird, 
while the mongoose without doubt takes its full share, living, as it does, upon 
the ground; so that the limpkin is no longer valuable as a game bird, though 
scattered individuals may survive for many years. Mr. Leop. B. Strube, of 
the Hacienda Jobo, stated that there were still at least a dozen pairs on his 
plantation living in a small tract of natural forest, and as they are protected 
they will survive. Mr. Strube kindly presented the Biological Survey with a 
specimen taken in June in that locality. 

/ 


MEXICAN JACANA. Jacana spinosa (Linneus). 
GALLITO. 

Gundlach (1878, p. 385) says that Blanco received a specimen of the Mexican 
jacana in the flesh from Trujillo. There are no other records, and the bird 
must be regarded as an accidental visitant. 


OYSTER-CATCHER. Hematopus palliatus (Temminck). 
CoRACOLHRO, OSTRERO, 

The oyster-catcher is reported as occurring occasionally on the islands of 
Culebra and Culebrita. Gundlach (1878, p. 879) reports a specimen on the 
authority of Blanco, taken near San Juan, and Stahl (1887, p. 449) says that 
it was seen at the end of August, 1886. On the rocky beaches of Desecheo, 
June 13 to 15, three were seen and others reported by fishermen, to whom they 
are well known. From an economic standpoint this bird has no importance 
whatever, but is worthy of protection because of its harmlessness. 


RUFOUS-NAPED PLOVER. Ochthodromus wilsonius rufinuchus (Ridgway). 
CORREDOR, FRAILECILLO CABEZON, PLAYDRO, PLAYANTE. 

Gundlach (1878a, p. 189) found the rufous-naped plover at Cabo Rojo and 
Arecibo in October and February and says (1878, p. 381) it is resident. Stahl 
(1883, p. 63) also considered it a resident species and says emphatically that 
it does not migrate. There is a specimen in the United States National 
Museum, taken February 11, 1899, on Culebra by Dr. J. D. Milligan. Bowdish 
(1902-8, p. 360) found these plovers on Vieques during November. Dr. Rich- 
mond secured specimens in the same locality on March 27, 1900. The bird is 
now rare, and none were seen during my work in this region. 


PIPING PLOVER. A ialitis meloda Ord. 
PLAYERO, PLAYANTH, FRAILECILLO MELODICO. 

Gundlach (1874, p. 314) saw a piping plover in the Blanco collection, taken 
near San Juan. Stahl (1883, p. 152) had two specimens (examined in 1900 by 
Dr. Richmond) from Porto Rico, and says (1887, p. 449) that the birds arrive 
the middle of August. The bird seems to be a rare migrant to the island. 


SEMIPALMATED PLOVER. Agialitis semipalmata (Bonaparte). 
PLAYHRO, PLAYANTH, FRAILHCITO, FRAILECILLO CHICO. 

The semipalmated plover is at present apparently rather a rare migrant. One 
was seen on the north coast of Vieques March 30, but was not secured. Gund- 
lach (1878a, p. 189) records it as common in September at Mayagiiez and as 
occurring in April, May, and June, while Sundevall (1869, p. 602) notes a speci- 
men taken by Hjalmarson in winter. Stahl (1883, p. 152) had three specimens 
in his collection, one of which was examined in San Juan by Dr. Riehmond 
(MS.), who also collected specimens March 5, 1900, at Luquillo, which were 
not preserved.. Stahl (1887, p. 449) notes that they arrive the middle of 
August. 
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ANTILLEAN KILLDEER. Ocyechus vociferus rubidus Riley. 
PLAYERO, PLAYANTH, PLUVIAL SABANDRO, FRAILDCILLO SABANERO, 

The Antillean killdeer is a resident species, common locally in the coastal 
region. In July, after the breeding season, it goes inland along the largec 
streams as far as Utuado, Ciales, and other inland towns. 

In February these killdeer seemed to be paired (Mameyes), and on March 23 
on Vieques a female taken along a small stream contained an egg nearly ready 
for the shell. A young bird secured near Afiasco June 7 had down feathers 
still clinging to the tips of the rectrices. During the breeding season the birds 
frequent mainly the dry open shores of lagoons near the coast, but the rest of 
the year wander a great deal. In the sandy region north of Manati they are 
very common and numbers frequent the citrus groves, apparently breeding 
there. In such localities the birds are well worthy of protection while nesting, 
because of their beneficial habits, and insectivorous birds in the orchards 
are few. 

The birds are, as in the North, noisy and restless, and about the lagoons 
frequently alarm other waterfowl with their loud cries. During the breeding 
season their outcries are doubled, and in regions where they have nests or 
young they may be seen continually flying overhead, or running along on the 
ground, always with their loud notes, stopping to fall on their breasts with 
outspread fluttering wings or to simulate a brooding bird covering her eggs. 
After the breeding season many are found along the broad gravel bars of the 
larger streams. 

Food.—TIwenty stomachs of the killdeer taken in February, March, May, 
June, and July were examined, and showed 98.384 per cent animal matter and 
1.66 per cent vegetable. Orthoptera, beetles, flies, and snails make up the bulk 
of the animal food, and the small percentage of vegetable matter is composed 
mainly of seeds, with a little rubbish. 

Animal food—The killdeer proves to be an important enemy of the mole 
ericket. It was found in 10 stomachs and forms 14.42 per cent of the food. 
Nymphs only appear to be eaten, as the bird can not break up the adults in 
order to swallow them, but this in no wise lessens the value of its services. 
Seven changas were found in one stomach, six in another, and several stomachs 
contained three each. Other Orthoptera amounted to 2.04 per cent, and were 
made up of miscellaneous fragments, among which were identified two small 
crickets (Hllipes minuta). Weevil remains (38.09 per cent) were recognized in 
four stomachs. The only one determined was a curculio (Hrodiscus sp.). 
Other beetles make 29.17 per cent, the largest single item in the dietary of this 
bird. Water scavenger beetles (Berosus sp. and Philhydrus sp.) were found 
eight times, and a small dung beetle (Atenius stercorator) seven times. Dark- 
ling beetles (Tenebrionids) were taken by six birds, and though not of much 
importance economically, they are of interest as showing that in Porto Rico 
as in the southwestern United States there are a number of ground-haunting 
forms of this family. Only one genus (Crypticus) was identified. The 
striped flea beetle (Systena basalis), injurious to nearly all garden vegetables, 
was found twice, and a corn leaf-eating beetle (J/yochrous sp.) four times. 
The habits of the latter species in Porto Rico are not known, but in the 
Southern States they damage young corn by eating the leaves. Another flea 
beetle (Haltica sp.) was found in one stomach. All of these leaf-eating beetles 
are more or less noxious and in many cases become very injurious. Only 
one ground beetle (Selenophorus sp.) was found, and this was the only bene- 
ficial insect taken. ; 

Fly larve occurred in seven stomachs, and comprised 19.53 per cent of the con- 
tents. Ants form 5.59 per cent, and were found in ten stomachs. The fire ant 
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or brown ant (Solenopsis geminata) had been eaten by seven birds, one stomach 
eontaining 41, another 50, and another 83 individuals. This ant is known to be 
very injurious to young orange trees, so that the killdeer at once becomes of 
importance in the citrus groves. One broad-shouldered water strider (Micro- 
velia sp.) and a single water boatman (Coriza sp.) were found. One stomach 
contained 12 caterpillars and another an ichneumon fly. These miscellaneous 
items form 1.56 per cent. 

Dragon flies occur in two stomachs taken in July, and form 3.92 per cent 
of the total. Mollusks figure as 19.02 per cent, and among them three genera 
were identified (Truncatella, Planorbis, and Paludestrina). One stomach con- 
tained a few fish remains. 

Vegetable food.—Though amounting to only 1.66 per cent of the total, vege- 
table matter was found in nine stomachs; in only two was there material that 
could be classed as rubbish. Each of the other seven held small seeds, among 
which were identified guinea grass (Panicum sp.), crab grass (Syntherisma 
sanguinalis), white-top (Dichromena ciliata), pigweed (Amaranthus sp.), purs- 
lane (Portulaca oleracea), knotweed (Polygonum sp.), plantain (Plantago sp.), 
croton (Croton sp.), and several seeds of composite plants. The large share 
of these are weed seeds growing abundantly in the haunts of this killdeer. 

Although small, the Antillean killdeer might be considered a game bird, but 
its food habits warrant giving it full protection and encouragement, as its serv- 
ices to the agriculturist are too valuable to be lost. It is especially useful in 
cultivated fields and orchards. Analysis of its food shows that it is entirely 
beneficial, and from its habits it can perform services not rendered by other 
birds. 


‘GOLDEN PLOVER. Charadrius dominicus dominicus (Miiller). 
PLAYERO, CHORLITO, PLUVIAL. 

The golden plover is apparently a rare migrant through Porto Rico. Sun- 
devall (1869, p. 602) speaks of two specimens sent him by Hjalmarson. Gund- 
lach (1878a, p. 189) secured specimens near Arecibo in November, and Stahl 
(1883, p. 152) had two in his collection. One bird was seen feeding along the 
beach near the mouth of the Rio Mameyes February 16, but was not secured. 
There are no other records for this bird. 


BLACK-BELLIED PLOVER. Squatarola squatarola (Linneus). 
PLUVIAL, PLUVIAL GRANDE. 

Gundlach (1878a, p. 188) secured specimens of the black-bellied plover 
around San Juan Bay, and Stahl (1888, p. 152) had two specimens from Porto 
Rico in his collection. There are no other actual records for the bird, and it 
must be regarded as a rare migrant. 


RUDDY TURNSTONE. Arenaria interpres morinella (Linneus). 
PLAYHRO TuURCO, PUTILLA TURCA. 

Gundlach (1878, p. 879) records the arrival of the ruddy turnstone in Sep- 
tember and says it remains until May. He found the species (1878a, p. 188) at 
Mayagitiez, Cabo Rojo, Quebradillas, and Vega Baja. It is a winter visitant 
apparently tolerably common. On February.15 a small flock was seen by the writer 
feeding along the mud flats on Punto Miquillo north of Mameyes, and the same 
flock was observed again on the 21st. The birds kept close together on the 
ground, and when startled got up with a loud whistled note, flying in a com- 
pact fiock. They were well known to fishermen and charcoal burners near 
Mameyes, and ‘were said to occur regularly. On April 15 three or four were 
seen on Culebrita Island. This species occurs only where there are mud flats 
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suitable for it to feed upon, and only in the immediate neighborhood of the 
coast on either brackish or salt water. 

Food.—five stomachs of the turnstone taken in February and April were 
examined and were found to contain animal matter only. One contained a few 
small fish scales, but small crustaceans made up the bulk of the food. The 
greater part of these were amphipods (Orchestia sp.), while a smaller number 
of isopods (Hxcirolana mayana) were eaten. No other groups could be 
identified. Nothing is eaten that is beneficial or injurious to man. 


ESKIMO CURLEW. Nuwmenius borealis (J. R. Forster). 
CURLIS, CHORLO. 

The only record for the Eskimo curlew is that of Gundlach (1878a, p. 188), 
who mentions a single specimen taken near San Juan by Don Tomas Blanco. 


HUDSONIAN CURLEW. Numenius hudsonicus Latham. 
CURLIS, BARGA, CHORLO. 

Gundlach (1878a, p. 187) saw the Hudsonian curlew in the collection of 
Blanco in San Juan, and (1878, p. 367) says that he once found this bird 
along the river at Punta Arenas south of Mayagtiez. Stahl (18838, p. 150) re- 
eorded two specimens in his collection and these were seen in San Juan in 
1900 by Richmond (MS.). 


SPOTTED SANDPIPER. Actitis macularia (Linnzus). 
PUTILLA, PLAYDRO, PUTILLA MANCHADA, ZARAPICO MOSQUBADO. 

A common winter visitant from July to May, the spotted sandpiper is the 
most abundant and widely distributed shorebird in the island. 

It frequents the mangrove swamps, borders of lagoons, margins of all the 
streams, and occasionally the sandy beaches. During the winter season it 
follows inland along the small streams and occurs throughout the island. The 
first fall bird taken (at Manati July 9) was an adult, and none but adults 
were seen until July 27, when immature birds were common along the Rio de 
la Plata above Comerio. The last bird in the spring was seen near Patillas 
May 13. Thus the bird is present in the island 11 months of the year, though 
it does not nest there. 

Food.—Nine stomachs of the spotted sandpiper representing the months from 
December to April, and July and August were examined. Animal matter com- 
prised 99.78 per cent of the food, leaving only 0.22 per cent for vegetable 
matter, which consisted of rubbish found in two stomachs. The greater share 
of the food is made up of crustaceans, with smaller amounts of mole crickets, 
bugs, and beetles. Though mole crickets (Scapteriscus didactylus) were found 
in but two stomachs, they form 10.78 per cent of the total food. All were 
nymphs, as this bird is not able to break up the adults with its slender bill; 
four were in one stomach and two in another. Nearly all the birds collected 
were taken near mangrove swamps and along beaches, and it is very probable 
that along inland streams, flowing through cultivated fields, spotted sandpipers 
would pick up many more changas than is here indicated. 

One bird had eaten a tiger beetle, 13 adult water scavenger beetles (Berosus 
sp.), and 4 hydrophilid larve, amounting to 3.89 per cent of the total. Aquatic 
bugs made 4.11 per cent of the whole; seven broad-shouldered water striders 
(Mesovelia sp., and Microvelia sp.), two water boatmen (Coriava sp.), and three 
back swimmers (Plea sp. and Notonecta sp.) were found in one stomach. Crus- 
taceans aggregated 80.12 per cent and were made up of small amphipods and 
fiddler crabs (Uca pugnax rapax). Another small crab (Sesarma (Holometo- 
pus) roberti) and an isopod (Hzcirolana mayana) also were identified. Ants 
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in one stomach and bits of an earwig in another form miscellaneous matter 
amounting to 0.88 per cent. 

From the foregoing the spotted sandpiper is a beneficial species and should 
not be molested. Only one item can be charged against it, a single tiger 
beetle, and that is too small to be of value. Fortunately the bird is common 
and, though only a migrant, is present for the greater part of the year. Thus 
it can be of great value in aiding in the war on the mole cricket. 


UPLAND PLOVER. Bartramia longicauda (Bechstein). 
GANGA. , 

The only known record for the upland plover is that of Stahl, who (Gund- 
lach, 1881, p. 401) secured one some time between 1878 and 1881. 


WILLET. Catoptrophorus semipalmatus semipalmatus (Gmelin). 
CHORLO. 

The willet was found by Stahl around San Juan Bay and by Gundlach (1878a, 
p. 188) at El Boqueron near Cabo Rojo. The latter writer says that these 
birds occurred on marshy shores and that he believed they nested on the island. 
Naturalists visiting the island more recently have failed to record them. 


SOLITARY SANDPIPER. Helodromas solitarius solitarius (Wilson). 
PUTILLA, SOLITARIO, ZARAPICO SOLITARIO. 

The solitary sandpiper is a tolerably common winter visitant, apparently 
more abundant on the western half of the island. The first bird for the fall was 
an immature specimen taken along the Rio de la Plata above Comerio July 29, 
and by the last of August the species was common around Cabo Rojo. At 
-Humaecao a few birds were noted along the Rio Humacao the first week in Sep- 
tember, but I saw none in the eastern part of the island in the spring. These 
sandpipers are found singly, scattered about pools of water left in the lowlands 
by the heavy rains, in wet, newly plowed fields, on mud flats, in the lagoons of 
the coastal region, or along streams. Tame and unsuspicious, they walk with a 
quick, tilting motion of the body, and when flushed fly rapidly, with a quick 
note—pees wees. 

Sundevall (1869, p. 602) received a winter specimen in the collection of 
Hjalmarson; Gundlach (1878, p. 372) records them from the second half of 
September to April; and Bowdish (1902-3, p. 360) says that they are often seen 
in fall and winter. 

Food.—Iwo stomachs taken in July and August contained nothing but ani- 
mal matter. More than half the contents consisted of dragon-fly nymphs and 
a large part of the remainder of water-scavenger beetles (Berosus sp. and 
others) and their larve. One bird had eaten a water boatman (Corixa sp.). 
Though the predacious dragon flies taken by these two weigh strongly against 
them, it may be found on examining more material that the birds consume in- 
jurious insects enough to counterbalance this. The birds should not hastily be 
condemned, as there is no reason to suppose that their food differs greatly from 
that of the spotted sandpiper. It may also be found that, like that species, 
they consume numbers of the nymphs of the mole cricket. 


LESSER YELLOW-LEGS. Totanus flavipes (Gmelin). 
CHORLO, CABALLERO, PATIAMARILLO. 


The lesser yellow-legs is recorded as a winter visitant from September to 
April (Gundlach, 1878, p. 871), but seems to be more common during fall migra- 
tion. Dr. Richmond (MS.) noted the species on Vieques, March 25, 1900, and 
this is the only known recent spring record. Stahl (1887, p. 449) says that in 
1886 the first were seen on August 9, somewhat earlier than in previous years. 
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I found them only near Cabo Rojo from August 24 to 31, when fall migration 
was apparently at its height. The birds fed along the overflowed borders of 
lagoons and also in moist newly plowed fields in the lowlands. Many were seen 
in flight following the trend of the coast southward. 

Food.—Your stomachs examined, all taken at Cabo Rojo the last of August, 
contained nothing but animal matter. Water boatmen (Corixza sp.) found in 
each of the four make 57.5 per cent, and two stomachs contained nothing else. 
Crustacean remains, among which were several crabs (Sesarma (Holometopus) 
roberti), were identified in two stomachs, and make the remainder, 42.5 per 
cent. Apparently this species is neutral as regards agricultural interests. 


GREATER YELLOW-LEGS. Totanus melanoleucus (Gmelin). 
PLAYDRO, CABALLDPRO CHILLON, ZARAPICO BLANQUINEGRO, 

Apparently a migrant in spring and fall in Porto Rico, the greater yellow- 
' legs may occasionally spend the winter there around some of the more inacces- 
sible lagoons. Three were noted near Salinas May 2 and one was taken. A 
single individual was seen May 26 at the Laguna de Guanica, and on August 26 
three or four were feeding on mud flats at Porto Real, near Cabo Rojo. The 
species is recorded by Sundevall (1869, p. 602) and Gundlach (1878, p. 370). 
Stahl (1887, p. 449) found them as early as August 9, 1886. 

Food.—The stomach of the single bird taken was nearly full of finely ground 
fragments of small crustaceans. The only other items were the maxille of an 
aquatic larval insect. Nothing of economic importance was taken, 


MARBLED GODWIT. Limosa fedoa (Linneus). 
CHORLO, BARGA. 

Gundlach (1878, p. 368) records the marbled godwit from Boqueron below 
Cabo Rojo, where he found a single bird. There are no other certain records. 


SANDERLING. Calidris leucophea (Pallas). 
ARENERO, PUTILLA. 

The sanderling is apparently a rare migrant in Porto Rico. The first record 
is that of Gundlach (1878, p. 376), who notes a male taken at Bayamon by 
Stahl. The latter (1883, p. 151) says that he had two specimens in his collec- 
tion and adds (1887, p. 450) that the species lingers late in spring. Nothing 
further has been found regarding its occurrence. 


SEMIPALMATED SANDPIPER. LEreunetes pusillus (Linneus). 
PUTILLA, PUTILLITA DIMINUTA, ZARAPICO GRACIOSO. 

The semipalmated sandpiper is a tolerably common winter visitant. From 
August 24 to 31 individuals were common in the coastal region at Cabo Rojo 
about the shallow lagoons. Several times they were seen singly or in small 
flocks feeding in newly plowed fields, where the soil was soft from the heavy 
rains, climbing over clods and furrows, or gathering about small pools of stand- 
ing water. Bowdish took a specimen on Mona Island August 11, 1901, and Gund- 
lach (1878, p. 874) records it as a winter visitant. Sundevall (1869, p. 602) 
notes four specimens received from Hjalmarson. Stahl (1887, p. 449) says that 
they arrived at the end of August, 1886, and (loc. cit., p. 452) that a few indi- 
viduals remain throughout the summer, 

Food.—Six stomachs taken at Cabo Rojo in August contained 99.16 per cent 
of animal matter and 0.84 per cent of vegetable matter. Beetles, bugs, fly 
pups, and small mollusks form the bulk of the food. Small water scavenger 
beetles (Hydrophilidz) were found in four stomachs and amount to 27 per cent. 
Two ground beetles (Bembidium sp.) amount to 5 per cent, and miscellaneous 
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beetles to 3.34 per cent. One bird had eaten nothing but four back swimmers 
(Notonecta sp.), and these made 16.66 per cent. Fly pupe figure largely in two 
stomachs, forming 21.66 per cent of the total, and snails (Planorbis sp.) 18 per 
cent, while miscellaneous animal matter amounts to 12.50 per cent. The small 
quantity of vegetable matter present was rubbish. The numbers of Diptera 
eaten speak well for this sandpiper. 


LEAST SANDPIPER. Pisobia minutilla (Vieillot). 
PoutTitta, PuTmLA Munupa, SARAPICO PEQUENO. 

Gundlach (1878, p. 876) records the least sandpiper as a winter visitant. It. 
is still common during migration. Stahl (1887, p. 449) says that the birds 
arrived from the north at the end of August in 1886, and that a few indi- 
viduals remained through the summer. Bowdish (1902-8, p. 360) notes the 
first arrivals for Porto Rico September 238, 1900, and September 4, 1901. He 
also found them common on Mona Island August 9 to 21, 1901. I saw one at 
the Laguna de Guanica May 26, and August 28 one at Joyuda, near Cabo Rojo. 
Further observations may show that they are more common in other localities. 

Food.—The stomach of the single bird taken contained the heads of more than 
100 minute fly larve (75 per cent) and fragments of small beetles (Heteroce- 
rus sp.) (25 per cent). 


WHITE-RUMPED SANDPIPER. Pisobia fuscicollis (Vieillot). 
PUTILLA. 

The white-rumped sandpiper is a rare migrant and possibly a winter visitant 
to Porto Rico. Bowdish (1902-8, p. 360) took one near Mayagtiez October 2, 
1900, the first record for the island. April 15 I saw two on the north shore of 
Culebrita Island. The species should occur on mud flats bordering lagoons and 
in similar localities. 


PECTORAL SANDPIPER. Pisobia maculata (Vieillot). 
PUTILLA, PUTILLA PINTA, SARAPICO MANCHADO. 

Gundlach (1878, p. 375) records the pectoral sandpiper as a winter visitant 
from September to April, but it probably occurs more commonly during migra- 
tion. Stahl (1887, p. 452) says that it lingers late in spring and that a few 
- individuals are found through the summer. Bowdish (1902-3, p. 359) secured 
specimens September 26, 1900, and October 2 near Aguadilla. I saw a flock of 
- about a dozen around a little tidal pool near Guayanilla August 24. 


- STILT SANDPIPER. Micropalama himantopus (Bonaparte). 
PUTILLA, SARAPICO ZANCUDO. 

On August 28 a pair of stilt sandpipers came driving swiftly down the coast 
at Joyuda, near Cabo Rojo, and one was taken. They are winter visitants, 
_ apparently rather rare, and are to be looked for on mud flats bordering lagoons 
and about shallow pools of water with muddy shores. Gundlach (1878, p. 373) 
says that they arrive in September. Sundevall (1869, p. 602) received three 
specimens from Hjalmarson. Stahl (1883, p. 151) had one specimen in his 
collection. The stomach of one bird, taken about 11 in the morning, contained 
gravel alone, which would indicate that this individual was a migrant and had 
come a long distance. 


WILSON’S SNIPE. Gallinago delicata (Ord). 
BECACINA, 


According to Gundlach (1878, p. 368) Wilson’s snipe is a winter visitant, 
occurring from September until spring. December 19, 1911, a dozen were seen 
about a pool in a low field near Rio Piedras and one was taken; another was 
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flushed at the edge of a mangrove swamp December 22. The fact that these 
snipe occur on the island in the winter months is unknown to most sportsmen, 
but apparently they are to be found about fresh-water marshes and swamps in 
fair numbers during early winter. 

Food.—The stomach of one bird contained bits of a water boatman (Corica 
sp.), remains of two larval water scavenger beetles, and fragments of an ant, 
all of which amounted to 380 per cent of the bulk. Mole cricket remains 
(Scapteriscus didactylus), an interesting find in the stomach of this bird, 
amounted to 10 per cent. Vegetable matter (60 per cent) was composed mainly 
of bits of grass, wood, etc., while three seeds of guinea grass (Panicum sp.) 
and one of sedge (Carex sp.) were identified. Examination of a large number 
of stomachs of this snipe might show that it is an important enemy of the 
changa. 


BLACK-NECKED STILT. Himantopus mezicanus (Miiller). 
VIUDA, PLAYANTH, YuGUNTH, ZANCUDO. 

The black-necked stilt is a resident species formerly common everywhere in 
the lagoons. Gundlach (1878, p. 377) records it from Puerto Real, Cabo Rojo, 
Boqueron, and the Rio Arecibo. At present it is found commonly only in the 
extensive lagoons and swamps between Salinas and Guayama, at the Laguna de 
Guanica and around Boqueron, and only stragglers occur in other localities. In 
March, 1900, the birds were reported as occasional on Vieques (Richmond MS.). 
When feeding they wade among the plants in water almost to their bodies, 
swimming when beyond their depth, or else pick their way along the muddy 
shores of the lagoons, gleaning as they go. The breeding season extends 
apparently from the last of April to the first of June, and at that time the birds 
are very noisy. Long before the marshes are reached their notes may be heard, 
and as one approaches stilts come flying out rather slowly, the long legs 
stretched out behind, calling kek kek kek loudly. As they pass overhead they 
circle rapidly, but are easily killed and are too often a mark for the sportsman. 
That the male assists in incubation is evidenced by two prominent incubation 
patches, one on either side of the breast, found in birds secured in April and 
May. 

Food.—Two stomachs of the stilt were examined and found to contain animal 
matter only. Water boatmen (Coriza sp.) were present in large numbers and 
form more than half the bulk. Small fish scales amount to 40 per cent, and 
the remainder consists of miscellaneous matter. Though many fish are eaten, 
the birds would be harmful only in the immediate vicinity of a fish hatchery. 


LAUGHING GULL. Larus atricilla Linnxus. 
GAVIOTA, PALOMITA, FORASTERA, GALLEGO, GAVIOTA BOBA. 

The laughing gull is a species fairly common along the seacoast of Porto 
Rico, Vieques, and Culebra. Bowdish (MS.) found them common around Mona 
August 9 to 21, 1901. In San Juan Harbor only an occasional bird was seen 
during the winter months, but by July there were numbers. On Culebra they 
were common after April 15 in the harbor, and I heard and saw them fre- 
quently. Around Desecheo the middle of June there were about 30, though none 
seemed to be breeding. They were continually passing up and down the coast, 
ealling and scolding whenever I was in sight. At times they came around my 
camp to investigate the refuse, but otherwise were rather wild. Their flight 
is strong and direct. 

Food.—Fish remains comprised 70 per cent of the contents of two stomachs 
and in one was found a crab (Plagusia depressa). Gulls are always largely 
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scavengers. Bowdish saw two feeding on the body of a booby which he had 
skinned and thrown into the water. 


NODDY. Anoiis stolidus stolidus (Linneus). 
GAVIOTA, CERVERA. : 

The noddy was an abundant species on Desecheo Island the middle of June 
and was not noted except in that vicinity. About 2,000 of them were already 
on the island, while many had not yet come in to nest. The birds were found 
on the rough limestone ledges in parties of from half a dozen to 500, and their 
nests, mere collections of small flat stones, a twig or two, and perhaps a 
feather, were in hollows in the rock. Four eggs collected showed incubation of 
about five days and one was fresh. The females were apparently doing most 
of the incubating, with the males standing guard, but the latter must have occu- 
pied the nests part of the time, as all showed bare incubation patches on the 
breast. ; 

Bowdish (1902-3, p. 358) notes them as common on the coasts of the main 
island and abundant on Mona and Desecheo. The nesting dates apparently 
vary somewhat from year to year, as he found well-grown young June 24, 1900. 

Food.—Three stomachs of the noddy taken on Desecheo were examined and one 
was found to be entirely empty. Another contained the horny beaked jaws of a 
squid, and the third one medium-sized and two small fish. Definite statements 
concerning the food of this bird can not be made from this small amount of 
material, but undoubtedly fish form a large part of it and various marine anis 
mals the rest. 


BLACK TERN. JHydrochelidon nigra surinamensis (Gmelin). 
GAVIOTA, GAVIOTA NEGRA, ; 

The only authentic record of the black tern is that of Gundlach (1878a, p. 
191), who saw a specimen in the collection of Blanco in San Juan. It must be 
considered of casual occurrence in this region. 


BRIDLED TERN. Sterna anetheta Scopoli. 
GAVIOTA. 

The handsome bridled tern was common on the rough, eroded limestone rocks 
strewing the lower portions of the north and west coasts of Desecheo Island. 
Bowdish (1902-3, p. 357) found them common on Desecheo and Mona and also 
records them from the coast of the main island, but Gundlach did not find them. 
As nearly as could be estimated there were about 1,500 of them on Desecheo. 
June 15 was apparently the beginning of the breeding season, as, although two 
eggs taken were far along in incubation, many of the birds had not laid. 

Food.—Of five stomachs examined one was entirely empty. Fish remains 
were present in all the other stomachs and amounted to 70 per cent. One 
species was identified as a filefish (Alutera sp.). Mollusks (25 per cent) were 
represented by a gastropod and a cephalopod (Spirula australis), the latter one 
of the few of that order bearing a shell that exist to-day. Miscellaneous mat- 
ter (5 per cent) consisted of a moth and a small echinoderm. Fish and marine 
mollusks form the large bulk of the food, and under present conditions the 
birds are to be considered harmless, as the fish eaten are not of economic 
importance. 


SOOTY TERN. Sterna fuscata Linneus. 
GAVIOTA, GAVIOTA OSCURA. 


s 


Gundlach (1878, p. 414) found sooty terns common on the north coast of 
Porto Rico and in July noted them at Mayagiiez, while Stahl (1887, p. 453) 
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says that he once shot a pair on the south coast of the island in June. Bowdish 
(1902-3, p. 357) found them common August 9 to 21, 1901, on Mona, which is 
undoubtedly one of their breeding places. I saw one with some common terns 
in the bay at Joyuda, near Cabo Rojo, August 28, and another with a flock of 
laughing gulls near Rincon September 2. Two were seen at sea about 200 
miles north of Porto Rico September 12. 


LEAST TERN. Sterna antillarum (Lesson). 
GAVIOTA, GAVIOTA ANTILLANA. 

Gundlach (1878, p. 412) says that the least tern was found by Blanco near 
San Juan, and by Stahl at the mouth of the River Toa (Rio de la Plata) ; and 
Stahl (1887, p. 458) says that they come in September. The latest record for 
them is that of Bowdish, who (1902-3, p. 357) saw a pair off Cabo Rojo Light- 
house August 22, 1901. 


ROSEATE TERN. Sterna dougalli Montagu. 
GAVIOTA. 

On June 16 a small flock of roseate terns was seen feeding over the water 
and then resting in a close flock on the surface, between Desecheo and Porto 
Rico. July § a few were noted along the curiously eroded limestone ledges form- 
ing the shore line north of Manati. They darted about over the bare rocks 
above the ocean, harshly calling cack, cack. One of them, a female in rather 
worn plumage, was taken, and from their actions they were breeding, though 
no nests were found. At Joyuda near Cabo Rojo on August 28 five or six were 
feeding with a flock of common terns and resting with them on rocks in the 
water. Gundlach (1874, p. 314) doubtfully records the roseate tern as seen in 
Blanco’s collection, and Cory (1892, p. 82) lists it from Porto Rico without 
comment. If Sterna d. gracilis Gould is retained as a valid subspecies, then 
both varieties are represented in the collection from Porto Rico, as the bill of 
a fall bird taken at Joyuda is entirely black, while in the case of a female taken 
near Manati on July 8 the base of the bill is slightly reddish. It is felt, how- 
ever, that more material is needed to settle this question definitely. 

The two stomachs examined contained only fish remains. No other data con- 
cerning their food are available. 


ARCTIC TERN. Sterna paradisea Briinnich. 
GAviIoTA, GAVIOTA DEL PARAISO. 

Gundlach (1878a, p. 163) saw the Arctic tern in the collection of Blanco, 
taken near San Juan. According to Stahl (1883, p. 154), who had three 
specimens in his collection, they arrive in September (1887, p. 453). There are 
no other specimens on record. 


COMMON TERN. Sterna hirundo Linneus. 
GAVIOTA, PALOMITA. 

The last of August the common tern was fairly numerous along the coast at 
Porto Ferro and Joyuda near Cabo Rojo. This is apparently the first record 
for Porto Rico, though the winter range of the bird is given as from Florida 
to Brazil.t On August 28 these terns were following a school of mackerel that 
was driving up and down the shallow water behind the reefs at Joyuda. The 
birds dived down excitedly when the minnows were driven up, and when satis- 
fied gathered in a close flock on rocks standing in the water. Two were 
collected. 


1A, 0. U. Check List North Amer, Birds, 3d ed., 1910, p. 44, 
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Food.—The two stomachs examined contained well-digested remains of min- 
nows. One bird had eaten 12 or more and the other 6. These fish are not of 
economic importance. 


CABOT’S TERN. Sterna sandvicensis acuflavida Cabot. 
GAVIOTA, GAVIOTA DH Pico AGUDO. 

Gundlach (1878, p. 411) found Cabot’s tern common along the coast of Porto 
Rico, and secured a specimen at Mayagiiez (1878a, p. 191). Stahl (1883, p. 
154) had two specimens in his collection and remarks (1887, p. 4538) that it is 
found throughout the year. It has not recently been seen here by naturalists. 


ROYAL TERN. Sterna maxima Boddaert. 
GAVIOTA, GAVIOTA REGIA, CHIRRE. 

Tolerably common along the coasts of Porto Rico, Vieques, and Culebra, the 
royal tern is frequently seen in San Juan Harbor, usually alone but sometimes 
in company with laughing gulls. At Mameyes in February there were a few 


‘-about Punta Picua, where they perch on posts standing in the water, always 


facing the wind. Occasionally one would swoop down and capture a minnow 
or circle around with harsh cries, but always returned to the same perch. 
Their occurrence here was not regular and the birds were evidently wanderers. 

Food.—The three stomachs examined contained only fish, which without 
doubt form the greater part of their food. One parrot fish (Sparisoma sp.) was 
recognized, but the others were too well digested for identification. From 
observation the royal tern seems to be almost entirely piscivorous. HExamina- 
tion of more stomachs will doubtless corroborate this. 


RUDDY QUAIL-DOVE. Geotrygon montana (Linneus). 
PERDIZ, PERDIZ DH MONTH, BOYERO. 

The ruddy quail-dove is a rather rare resident species except in a few locali- 
ties where protected by dense cover or in regions high in the mountains. Some- 
times they are found in coffee plantations, but usually occur in areas of second 
growth on steep hillsides. The birds walk rapidly away before an intruder, 
with nodding heads, or elSe crouch down and hide, and in the dim light it is 
difficult to make them out. When frightened they fly with a loud fluttering, and 


‘after a few feet set the wings to sail off noiselessly. The mongoose, the greatest 
enemy of this bird, is abundant in the lowlands, but has not yet penetrated far 


into the interior. Apparently it has exterminated the quail-doves in the coastal 
region, aS none were seen save near Manati. 

The breeding season appears to begin the first of March, and the quail-doves 
seem to have but one brood a season. The natives say that they nest on the 
ground. Males during this period have a low resonant note, coming apparently 
from a distance, but finally resolving itself into a deep coo-00-00, with a peculiar 


“undertone, as of the humming of the wind across the end of a gun barrel, a very 


striking sound, and one difficult to locate. 

Food.—f¥ive stomachs of the ruddy quail-dove were examined and found to 
contain vegetable matter alone, save that one bird had eaten an ant, taken prob- 
ably by accident. During the orange season the birds feed largely on seeds of 
sweet oranges (chinas), and these were found in four stomachs. One bird 
had taken 17 seeds and another 18, while others contained smaller quantities. 
Field observation showed that these seeds were taken from decayed fruit lying 
under the trees. The fallen oranges were pecked open when they became soft 
from lying on the moist earth, the birds going straight to the centers and 
picking out the seeds, so that rotting oranges with neat round holes in them 


were common in the haunts of the perdiz. The soft bill of this dove would 
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preclude attacks on sound oranges. Hard ivorylike grass seeds (Olyra latifolia) 
were in two stomachs and pits of the moral (Cordia sp.) in two. One bird had 
eaten seeds of a spurge (Chamesyce sp.), and other undetermined seeds belong- 
ing to the madder, myrtle, and spurge families were found. Leaves occurred in 
four stomachs and in one made a large part of the bulk. 

Near Manati the birds fed on the fallen fruit of the manchineel (Hippomane 
manchinella), which to human beings is very poisonous. This was the only 
locality in which the birds were observed in trees. ‘ 

The quail-dove may be considered a game bird, and should be given the same 
open season as the larger pigeons. In its food habits it is harmless and does a 
certain amount of good by eating harmful seeds. 


KEY WEST QUAIL-DOVE. Geotrygon chrysia Salvadori. 
PERDIZ MARTINIQUENA, BARBEQUEJO. 

Taylor (1864, p. 171) says that the Key West quail-dove is not uncommon in 
Porto Rico, and Gundlach (1878, p. 347) records a specimen in the collection 
of Blanco and a drawing in the album of Bello. Stahl (1883, p. 148) had a male 
in his collection taken on the island. Bowdish (MS.) says that they were 
found on Mona from August 9 to 21, 1901, but he did not preserve specimens. 
A perdiz, possibly of this species, was described to me near Palo Seco, but I 
did not meet with it. 


TEMMINCK’S QUAIL-DOVE. Geotrygon mystacea (Temminck and Knip). 
PHRDIZ. 

A specimen in the National Museum, collected on Culebra Island February 9, 
1899, by A. B. Baker, of the Fish Commission, is the only record of Temminck’s 
quail-dove for this region (Riley, 1903, p. 14). None were found during my 
stay on Culebra, and it may be that the bird no longer occurs there. It has been 
previously recorded in St. Croix. 


PORTO RICAN GROUND DOVE. Chemepelia passerina trochila Bonaparte. 
Roua, ROLITA, TORTOLITA. Z 

The ground dove is a common resident species on all the islands visited, 
except Desecheo, being most abundant on Culebra. In Porto Rico it is rarely 
found above 500 feet altitude, but in following inland along the courses of 
streams it occasionally ranges up to 1,200 feet, as at Cayey and Lares. The 
birds occur on stony hillsides, in plowed fields, brush-covered pastures, and open 
country in general. They walk about quickly, with long steps and rapidly 
nodding heads, picking up seeds, bits of gravel, etc., as they go. Before an 
intruder they walk rapidly away, raising the tail nervously, or after crouching 
to the ground rise with a sudden flutter of wings and dart swiftly away, 
exposing the red undersurface of the remiges. The birds are found in pairs, 
or occasionally, before or after the breeding season, in small flocks. After 
flying a short distance they drop to the ground or perch in rather open trees, 

sitting close together. When alarmed they sidle quickly along the limbs, hiding 

behind them, or suddenly take flight. The males utter a loud note, c00-coo- 
coo-coo, when perched in the trees, and during summer these calls are answered 
from every side. The males also have a habit of sailing out in short circles, with 
wings stiffly spread, giving them an odd kitelike appearance. 

The breeding season probably extends from the first of March to the last of 
August, though on Culebra the birds remained in flocks until the 10th of April 
before pairing. Nests on Vieques were large, deeply cup shaped, and contained 
much material, while Porto Rican nests were slight and flimsy, so that in many 
cases the eggs could be seen from beneath. Two eggs, white in color, form a 
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set, and at least two broods are reared in a season. While the females were 
incubating the males fed together, often in the yautia or cane fields. When 
caring for their young the females feed in the early morning, filling the crop 
with seeds, and then about 9 o’clock fly in to water, usually following well- 
defined routes. After drinking they perch quietly in the trees, and in about 
380 minutes the “pigeons milk” forms as a thick curd, beginning in the lower 
portion of the crop. After June flocks of a dozen or more young gathered by ~ 
themselves were common. They are said to have nested formerly on the 
ground, btit now they build almost entirely in trees to escape the mongoose. 

This species is one of the few found in cane fields, and it occurs regularly, . 
even when the cane is well grown. These doves are very timid and show great 
fear of sparrow hawks, sometimes refusing to fly when they are in the neigh- 
borhood. During the breeding season the males were found in early morning 
teeding in the cane fields or else cooing from the hills, while the females were 
above on the hillsides. When there was a heavy dew the birds were inactive 
until 10 or 11 o’clock. 

Food.—Seventy-two stomachs of the ground dove were examined and the food 
was found to be almost entirely vegetable. Animal matter, though present in 
10 stomachs, amounted to only 0.25 per cent and may be considered accidental. 
Fragments of ants occurred in eight, while in the other two were spherical 
shining scale insects known as ground pearls (Margarodes formicarum). These 
are sometimes found loose in the soil, and from their appearance might be 
picked up as gravel to aid digestion. 

The belief common in some localities that these doves consume many insects 
is not borne out by stomach examination. Like others of the pigeon family 
having similar habits, ground doves are almost entirely granivorous. As an 
instance of the unreliability of unverified field observations, I saw a bird on 
Vieques Island March 30 hopping rapidly about in the small terminal twigs of a 

“mnufieco tree, apparently in pursuit of insects. After watching it for a minute 
I collected it, and found to my surprise that it was a ground dove, and, on 
cxamining the stomach and crop in the laboratory, found seeds only and not a 
‘trace of animal matter. 

Practically all the food, or, to be exact, 99.75 per cent of it, is composed of 
seeds. These are picked up usually in cultivated fields, the borders of road- 

‘ways, trails, and other open localities. Weed seeds, as the term is commonly 
applied, form about one-fourth of this mass, though undoubtedly many classed 

‘here as miscellaneous should come under this head. Purslane, lamb’s-quarters, 
various other seeds of the goosefoot family, amaranth, caltrop, spurges, and 

-Inallows are most commonly eaten, all of them noxious to the agriculturist. 
Grass and sedge seeds form another great class, amounting to about one-third ° 
of the whole. Crab grass and wire grass were taken frequently, and several 
species of panic grass and sedges form the bulk of the remainder. 

Wild fruits, figs, and species of Rubus amount to only 3.4 per cent, while no 
grain or cultivated vegetable was found. The remainder consists of a mass of 
miscellaneous seeds, euphcrbias, wild legumes, and seeds of various shrubs 
abounding in the localities frequented by this dove. As many as 16 varieties, 
were identified in a single bird, counting the contents of crop and gizzard, and 
sometimes there were large numbers of a single species. One bird had eaten 
9,600 seeds of purslane and another more than 5,000. In one stomach 2,400 
Egyptian grass seeds were found and in another 1,450 of the amaranth. Other 
species were present in considerable numbers in each case. 4 F 

Absolutely no harm is done to man or his interests by the ground dove, but, 
on the contrary, a certain amount of goed is accomplished in the destruction of 
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pernicious weeds. 
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Although many ground doves are killed by sportsmen, the 


species is too small to be considered.a game bird, and because of its beneficial 
habits it should be protected throughout the year. 

Following is a list of seeds identified in the stomachs of the ground dove, 
together with the number of stomachs in which found: 


Many-seeded paspalum (Paspalum mil- Carpet weed (Mollugo verticillata) —-- 1 

NC OMROAIG ese rte Se 2 1 | Verdolaguilla (Talinum paniculatum). 1 
Other paspalums (Paspalum sp.)----- 7 | Verdolaga (Portulaca oleracea) ~___~ 37 
Crab grass (Syntherisma sanguinalis) — § i Marestas (ibis Usps) 35 2252 sie eels 1 
Panic grass (Panicum fasciculatum). 29 | Vetch (Vicia sp.)~----~---__--_-__- 18 
Panie grass (Panicum utowaneum)-__- 1 | Wild bean (Phaseolus lathyroides)____ 2 
Other millets (Panicum sp.) --------- ZOE eVINTeTMLOM(OLAMS Sp.) = 8 
Broad-leaved olyra (Olyra latifolia) -_ 1 | Caltrop (Kallstremia mazima)______- 19 
Rush grass (Sporobolus indicus)_--_-~ 1 | Euphorbia (Euphorbiacee sp.) _-_____ 14 
Wire grass (Hleusine indica)_-__--__~- 30 | Spurge (Chamesyce sp.)—----~---_--~ TS 
Egyptian grass (Dactyloctenium Jatropha, (atropia, sp.) ==-=——=— 3 

RESIRMICLCUT = = 2 es Seeks se ee fe Berotone (OLOCONASD.) 2222 == sae = 5 
Ichnanthus (Ichnanthus pallens)__--~ LIV VaCeetr Spas eke a eee ee ai 27 
Fimbristylis (Fimbristylis sp.) ----_-- 2:5|\) Hscobar (Sides spy) eae See eye i oe 28 
Whitetop (Dichromena ciliata) ---_-- 3 | Bretonica prieta (Melochia nodiflora) — 2 
INUtarush (Scleria, sp.) —==—— = 2_-— SP Wp DlaconTta ces. Sp ass See ee 6 
Senfem(Oaren): Spy yim 2S 12 | Nightshade (Solanum sp.) -------___- if} 
Sanguinaria (Tradescantia sp.)------ 3 | Nigua (Tournefortia sp.) —2—-—--~-_—== 1 
Star grass (Hyporis' sp:)L-=_----=-__ (| Wanten! (Plantago’ sp.) ee ee 1 
Wild fig (Ficus crassinervia) _--_-__~- 25; Rubiaces (sps-224- 2! ee eee 6 
AU Claro“ CM CU SSDs) a = on ee f | Gherkin (Cucumis sp.) 22-==2-"-=— = 3 
Knotweed (Polygonum sp.) —~---------~ 3 | Concombre (Cucumis anguria) —------- at 
Goosefoot (Chenopodaces sp.) _-_____ 19 | Dog fennel (Anthemis sp.) —---------- 2 
Cenizo (Chenopodium album) _—~---_-_-~ 2) ||: Composite spss 2) 9 aes Se 2 eee 9 
Pigweed (Amaranthus gracilis) _____- 1 


MONA GROUND DOVE. 
Rouira, ROUA. 


The subspecies of the ground dove found on the island of Mona (the type 
locality) is reported by Bowdish, the original collector, as abundant there from 
August 9 to 21, 1901. It has without doubt the same habits as the mainland 
subspecies, but differs from it in being smaller and paler. No ground dove was 
found on Desecheo Island. 


Chemepelia passerina exigua Riley. 


PORTO RICAN DOVE. Zenaida zenaida lucida Noble.* 
TORTOLA, SANJUANERA, ; 

The Porto Rican dove is common all through the region covered by this report. 
On Porto Rico it is largely a bird of the cultivated valleys and lowlands, 
roosting in clumps of trees, coffee plantations, or small areas of second 
growth and flying down to feed morning and evening in the fields and citrus 

groves. Its flight is strong and direct, and it flushes with a loud clapping of 
“wings. On the ground it resembles the mourning dove, as it walks quickly 
about with nodding head, and has a cooing note almost indistinguishable from 
that of the latter bird. 

During the breeding season the males frequently sail out in circles, with 
wings held stiffly, and their cooing notes come from the hillsides all day long. 
Several times, while mating, males were seen walking rapidly about on the 
ground near the females, striking at each other with their wings. Breeding 
birds were taken in February and a young bird, not quite adult but able to fly, 
was collected near Manati July 8. Although in some localities the birds nest 
on the ground, here they must nest in the trees, or they would not be able to 
hold their own against the mongoose. 


1 Proc. New Engl. Zool. Club, V, Oct. 4, 1915, p. 101. 
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Between 9 and 10 in the morning the birds come to the streams and ponds 
for water, usually in pairs, flying swiftly, high in the air. On the gravel bars 
of the larger rivers they walk about quickly, quenching their thirst, and pick- 
ing up bits of sand and gravel. Usually they are wary, but sometimes prefer 
to hide at the approach of an intruder rather than fly. 

Food.—As in the case of the ground dove, this zenaida dove may be con- 
sidered entirely vegetarian in its diet. In 22 stomachs examined, animal matter 
was found only four times. Two birds had eaten bits of the chrysalis of a 
lepidopteran, one had found fragments of a bettle, and another had taken a 
snail (Truncatella sp.), perhaps along with gravel. These combined amount 
to only 0.36 per cent, indicating that this dove practically confines itself to 
vegetarian fare. Seeds comprise itS principal diet, only small quantities of 
other vegetable matter, perhaps leaves, being found. Grass and sedge seeds 
figure to a less extent than in the food of the ground dove, while there is a 
corresponding increase in wild legumes, larger euphorbias, mallows, and others. 
Seeds of knotweed, goosefoot, pigweed, and purslane were eaten, as well as 
large quantities of caltrop and mallows. 

One bird had secured grains of hedionda (Cassia occidentalis), which is used 
as a substitute for coffee, and another had eaten seeds of a citrus fruit, perhaps 
of an orange. The latter, however, were almost certainly taken from the 
ground, not from the fruit itself, as this dove is incapable of tearing open 
undecayed fruit. Three birds taken near Comerio had eaten rice, of the in- 
ferior red variety, which may well have been picked up as waste. None of the 
others examined had eaten grain, a strange fact when the habits of the bird are 
considered. The birds were observed in the field eating fruit of the moral 
_ (Cordia sp. ), and pits of this fruit were found in two stomachs. On Vieques 
Island they were said to eat other fruits, as do the larger pigeons, but no trace 
of such was found. The little damage that they do in eating grain is more than 
offset by the injurious seeds destroyed. Thus the bird may be considered of 
some value to the landholder, in addition to being a game bird of importance. 
As this species frequents the open country, it is well able to adjust itself to 
changing conditions and with proper regulations will remain a common game 
bird. The same restrictions should be placed on its pursuit as on that of the 
other large pigeons. 

The following seeds and fruits were eaten by the zenaida dove: 


Paspalum (Paspalum sp.) ----------- 1 |] Orange (?) (Citrus sp.)------______ 1 
Panic grass (Panicum sp.) ---------- 4 | Espino (Xanthozrylum sp.) —--_-______ 1 
Broad-leaved olyra (Olyra latifolia) —__ 1 | Huphorbiacee sp _-_-_-_____________ 9 
Arroz (Oryza sativa) _--__-_--_--_-- 3 | Jatropha (Jatropha sp.) ---_________ 3 
Nut rush (Scleria sp.) -------------- 9‘) Malvacem: spit) < mene EE aa eat 4 
Knotweed (Polygonum sp.) ---------- i) Eiscoba (Sida spies 1 
Goosefoot (Chenopodacee sp.) —~----_ 2 | Cadillo (Urena lobata) _._-__________ 2 
Pigweed (Amaranthus sp.)--------- IL }| PPASSLA OTA Cena gS 1 eee tees a es ae 1 
Verdolaga (Portulaca oleracea) ——-__~ 1! >| -Adelia’ (Adela tsp) =e en 1 
Cardosanto (Argemone sp.)—------~-_- 3 | Morning glory (Convolvulacez sp.) _—~_ 1 
Senna (Cassia sp.) -------------_-__ 2 | Nightshade (Solanum sp.) -~--------__ 1 
Hedionda (Cassia occidentalis) _-____- 1 | Yerba mora (Solanum nigrum) ——_--__ 1 
Pabacer specs 22 D2 Lee ee aes Ae 11, |; Moral ((Cordia sp.) ee 2 
Vetch (Vicia: sps) 222s Sa ee 1 | Trumpet flower (Tecoma sp.) ---_____ 1 
_ Wild bean (Phaseolus lathyroides) ~~~ 3 | Lilanten (Plantago sp.)---__-________ 1 
Yerba rosario (A/schynomene sp.) —--- 2: | Compositz sp Se eeess Sen ares wane 1 
Caltrop (Kallstremia maxima) —-----~ 2 


[MOURNING DOVE. Zenaidura macroura macroura (Linnzus). 
TORTOLA, 


_ The mourning dove has been variously attributed to Porto Rico, but has not been un- 
. questionably recorded. Ledru (1810, p. 208) has the earliest record and is followed by 
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Hartlaub (1847), who is quoted by Sundevall (1869, p. 601). Mr. Bowdish tells me that 
in some way he confused this bird with Zenaida zenaida lucida, as the notes and actions 
of the two are similar, so that his record (1902-3, p. 361) is not available. I watched 
carefully for this species on the island and made many inquiries concerning it without 
success. ] 


WHITE-CROWNED PIGEON. Columba leucocephala Linnezus. 
PALOMA CABBZIBLANCA, VIBQUBRA, TORCAZA. 

The white-crowned pigeon was formerly one of the most abundant species in 
Porto Rico, but now is found only in a few localities. Gundlach (1878, p. 345) 
spoke of it as very common in the seventies, but its numbers have undoubtedly 
greatly decreased. The birds occur mainly near the coast, usually in dense 
swampy growths, though one was seen near Aibonito; and the few small areas 
of forest remaining in the lowlands may account for their diminution in num- 
bers. Around Punta Picua, north of Mameyes, they were found preparing to 
breed in the swamps, where the growth was so dense that it was hard to get 
near them. They usually came out into the more open portions late in the 
evening, to feed on the fruit of the icaco (Chrysobalamus sp.), but even then 
kept well concealed in the thick leaves. The birds flushed with a loud clapping 
of wings, and flew strongly, making wide sweeping circles, or darting swiftly 
through the trees. In the heat of the day they perched in high trees over the 
swamps, resting quietly on dead limbs. 

The first of July they were fairly common in the dense brush near the lagoons 
to the north of Manati. In May and June, when various fruits are ripe, they 
gather in considerable flocks and visit regions where they are unknown at 
other times. 

Food.—Five stomachs examined contained vegetable matter only, composed 
of drupes and fruits of fair size. The icaco and berries of various palms 
(palmo real and lluma) are favorites with these birds, while a tree known as 
palo blaneo (Drypetes sp.) is said to furnish them food in season. No culti- 
vated crop is injured, the bird depending wholly upon wild fruits for its sus- 
tenance. With the clearing of the remaining forest areas in the lowlands this 
species will, without doubt, become practically extinct. At present, however, 
it has a certain importance as a game bird, and for its protection the same 
measures apply as for the scaled pigeon (p. 54). 

The following were identified in the stomachs examined: 


Palmo (Coccothrinagv sp.) ----------- DRS TD COR IS [ee ee ee re ee ee ee il 
Ieaco (Chrysobalanus sp.)----------- 2 |PAdelia (CA deltiaisps)— ss es ee 1 
Icaco (Chrysobalanus pellocarpus)---- fia) Morals (Condigusp. na == ose ee 1 


SCALED PIGEON. Columba squamosa Bonnaterre. 
PALOMA TURCA. 

The large scaled pigeon is resident in Porto Rico in the mountain regions, and 
is common in the higher inaccessible portions where areas of forest still remain. 
A few were seen on Vieques and Culebra, where formerly they were said to be 
common. From ali accounts they are abundant on Mona, and occur on Desecheo 
also, at times in considerable numbers. In the dense forests covering the slopes 
of El Yunque de Luquillo, in the northeastern part of Porto Rico, great numbers 
were noted. In the late afternoon and evening it was common to see them 
circling high in the air near the Hacienda Catalina, while in the forests they 
abounded up to 2,500 feet altitude. It was surprising how well 25 or 30 of 
these big pigeons roosting in the thin foliage of a cacao rosetta tree (Sloanea 
berteriana) managed to keep hidden. The ordinary call note was a loud, 
strongly accented who hoo hoo, while a burring guttural hoo-o-o-0, given with 
a throaty rattle, was almost startling when directly overhead. Many pigeons fed 
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in the tall trees fringing small streams at the foot of the mountain, while 
some were found in the dense swampy forests near Punta Picua, beyond 
Mameyes. 

It is commonly. believed in Porto Rico that the scaled pigeon is found there 
only aS a migrant. This belief, fostered mainly by gunners who desire an open 
season covering the entire year, is erroneous; as was proven on March 8, when 
on El Yunque three nests were found without special search, while there was 
no doubt whatever that the dozens of birds flushing on every hand were breed- 
ing birds’ The three nests located were about 15 feet from the ground on hori- 
zontal limbs, or on refuse piled on large air plants, and were made of sticks 
loosely piled together. Ttwo were empty, while one contained a single white 
egg of about five days’ incubation. At Maricao on June 1 a native brought in 
a young bird about two-thirds grown, and said it was the only one in the nest. 
Gundlach (1878, p. 344) says that the birds lay two eggs, but from these in- 
stances it would seem that a single egg in a set is not unusual. 

Scaled pigeons are said to occur in fall in large flocks and to gather in great 
numbers where certain fruits are ripening, and at that time many are killed. 
There is, however, apparently some migration between the various Antillean 
islands, as the number of birds on Desecheo Island, for example, is said to vary 
greatly from one season to another. 

Food.—Wild berries and fruits with an occasional succulent leaf or other 
bit of herbage make up the entire fare of this pigeon. 'Ten stomachs reveal 
vegetable matter only. The berries of various palms are favorite foods and 
wild figs when in fruit draw large numbers of birds. The moral (Cordia sp.) 
and jagua (Genipa americana) are eaten extensively and one bird had taken 
quantities of a wild legume. All of the smaller wild fruits in season appear to 
furnish food, and these are so abundant that cultivated fields are not molested. 
The fruits eaten, though sometimes of comparatively large size and with hard 
stony pits, are swallowed entire. The strong muscular gizzard of the bird 
has a tremendous triturating power, however, and the fruits are easily crushed 
and the meaty centers opened to the processes of digestion. 

The. paloma turca is the one game bird of importance in the inland region, 
because of its large size and universal distribution. Hunting it may be con- 
sidered true sport, as the birds are wary, strong of wing, and can be pursued 
successfully only in the wildest, roughest country. It should be encouraged 
by every means possible, most of all by a close season extending from Feb- 
ruary 1 to October 15, to allow ample time for rearing the young. In addi- 
tion there should be a bag limit of not more than 10 birds for one day. 

The following were identified in the stomachs examined: 

Palma de Sierra (Acrista monticola) _ 
Palmo (Coccothrinas SDs) ea ce ee 
Wild fig (Ficus crassinervia) ——_---___ 
Wild fig (Ficus tevigata) ——~--=---*_ 


Maba ces (sp 2h Messin eS ee 
Guaraguou (Trichilia sp.) _-_-_------- 


Lauracer (sp. 2225. = eee 
Storax (Styrax portoricensis) _______ 
Nightshade (Solanum sp.)_~--_--____~ 
Moral (Cordis) ee eens 
Jagua (Genipa americana) __________ 


ae Oo a 
Bee ee 


[RING-TAIL PIGEON. Chlorendas caribea (Jacquin). 
PALOMA. 


Ledru (1810, p. 208) speaks of the ring-tail pigeon and Wagler1 includes Porto Rico in 
ifs range. Gosse2 says that Maugé, the zoologist who accompanied Ledru, found the 
species in flocks of many hundreds. It may have occurred formerly in Porto Rico, but no 
specimens are known at present, and as the old records are rather doubtful the species 
must be considered hypothetical. ] 


1 Systema Avium 1827, p. 46. 2 Birds of Jamaica, 1847, p. 296. 
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BLUE PIGEON. Chlorenas inornata exsul Ridgway. 
PALOMA SABANHERA. 

The blue pigeon is now rare in Porto Rico. Gundlach (1878, p. 343) found 
a few near Lares in July and Stahl (18838, p. 148) had a female in his collec- 
tion. They were reported to the writer several times and seemed to be found 
in the coastal region, though no definite localities were known. As the name 
was familiar to sportsmen, the birds doubtless have been shot in recent years. 
This species should be included with the paloma turca in any restrictions upon 
hunting (see p. 54). 


SANTO DOMINGO PAROQUET. Conurus chloropterus (Souancé). 
PERIQUITO. 

Cory (1892a, p. 228) referred a paroquet taken on Mona Island by W. W. 
Brown, jr., to the species Conurus chloropterus, and permitted the writer to 
examine this bird and a small series from Santo Domingo. The specimen from 
Mona unquestionably belongs to this species, though with further study it may be 
differentiated as a subspecies from the Santo Domingan bird. Gundlach (1878, 
p. 229) received three wings from Mona Island taken by Block, and these were 
later described as OC. gundlachi by Cabanis. Bowdish found no paroquets on , 
Mona, and the writer made careful inquiries when on the west coast among the 
fishermen who visited Mona regularly, but could learn nothing regarding them. 
One man claimed to have lived there a year without seeing them, though he 
was able to describe the other birds of the island accurately. 

There is reason to believe that at one time there existed a species of paroquet 
in Porto Rico, but it has long been exterminated. According to the British 
Museum Catalogue of Birds, it is represented by the type in the Paris Museum 
and by an additional specimen at Leyden. Gundlach was told of a paroquet 
formerly common in the eastern interior of Porto Rico and on Vieques Island, 
but long since extinct. Stahl (1887, p. 448) says that some of the oldest in- 
habitants had heard from their parents of this bird, but that it had disappeared 
long ago. Bowdish (1902-8, p. 20) heard of its occurrence near Lares, but I 
eould find no one who knew anything about it. There were numerous paro- 
quets in captivity in Porto Rico, but they were either C. wagleri, from Venezu- 
ela, or more rarely C. chloropterus, imported from Santo Domingo. 


PORTO RICAN PARROT. Amazona wultate Boddaert. 
COTORRA. 

Fifteen years ago the parrot was a common species in Porto Rico and on 
Culebra,’ but now has disappeared except in a few localities, mainly in the 
northeastern portion of the island, on El Yunque and immediately around its 
base. Twenty or more ranged through the dense, swampy forests north of 
Mameyes, perhaps 50 were seen around the west fork of the Rio Mameyes, a 
number were heard calling in the dense forests covering the summit of El 
Yunque itself, and they are said still to be fairly common around Preston’s 
ranch above Naguabo. They have practically disappeared farther west, though 
reported from below San Sebastian, and Mr. Leopold B. Strube, of the Hacienda 
Jobo, between Arecibo and Utuado, said that during winter 50 or 60 were found 
on his plantation, though none nested there. 

Near Mameyes parrots remained in the swamps during the day, coming out 
to the borders morning and evening to feed, but when alarmed flew back imme- 
diately. Sometimes a small flock fed in company with white-crowned pigeons 


1 Proc. Biol. Soe. Washington, XXVIII, May 27, 1915, pp. 106-107. 
2Mr. Ridgway has separated the bird from Culebra as Amazona v. gracilipes. (Proc. 
Biol. Soc. Washington, XXVIII, May 27, 1915, p. 106.) 
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in the tops of the trees, but from their green coloration the parrots were the 
less conspicuous. Frequently they remained quiet in the trees for half an hour 
or more and then flew out in sudden alarm. 

Around El Yunque the parrots were somewhat tamer, as they were not 
hunted so much, and a few were secured about a large clearing above the Rio 
Mameyes. The birds were in pairs or small bands during March and were 
then breeding. During early morning and evening they fed in the forest, but 
in passing back and forth stopped in the high dead trees of the clearing. They 
also came here to dry their feathers after the heavy rains that came at 
intervals during the day. When it rained heavily on the mountain many birds 
descended to the warmer valleys, returning when the weather cleared. The 
call note, given on the wing when alarmed, was a rapid, strident kar, kar 
that could easily be heard a mile away, and served to alarm the entire forest. 
When feeding, low chuckling notes were frequently heard. In the trees the 
birds watched intruders suspiciously or went through the characteristic pos- 
turings of Amazona in captivity, swinging head down and then climbing back 
by the aid of their bills. 

These birds nest during March and April, and are said to lay two eggs, 
depositing them in a hollow tree. They are greatly sought after by the 
natives, who keep the young as pets and teach them to speak a few words of 
Spanish. Most of the captive birds on the island, however, are brought from 
Santo Domingo. The adults also are hunted as game birds, and prized for 
their flesh. Formerly when there were large forest areas on the island the 
birds were very common and, traveling in large bands, damaged cornfields, ~ 
gonduros, ete. Men engaged in school work said that, as late as 1903, children 
were frequently kept at home to drive the parrots out of the fields. The 
handful remaining is now too small to do any great damage, and the birds 
- ghould be protected, or one of the most interesting forms will soon be lost from 
the avifauna of the island. 

Food.—The parrot seems to be almost entirely frugivorous, all of the wild 
fruits being eaten in season. It is very fond of the wild fig (Ficus sp.) 
and the jagua (Genipa americana), while in the Swamps near Mameyes the 
ground beneath icaco trees (Chrysobalanus sp.) was strewn with husks which 
the birds had dropped. In eight stomachs examined, vegetable matter only was 
found, seeds of tabonuco (Dacryodes excelsa) and allied species in the same 
family (Burseraceae) greatly predominating. A bird taken near Mameyes 
had eaten icacos (Chrysobalanus sp.) and its stomach contained also a few 
bits of wood. In the birds secured on El Yunque the stomachs were usually 
filled with small seeds while the crops were distended with larger fruits and 
drupes. The hard seeds in the gizzard seem to take the place of gravel used 
by many birds as a triturating element, and while they serve to grind up 
larger fragments are in their turn pulverized and utilized as food. Wherever 
parrots were common the ground was always littered with seeds, bits of peri- 
earp, and other waste matter which they had discarded. 


[BLACK-BILLED CUCKOO. Coccyzus erythropthalmus (Wilson). 
PAJARO BOBO. 
The black-billed cuckoo is of doubtful occurrence in Porto Rico. Gundlach included it 
‘on the strength of a drawing in the album of Bello, who received the bird from the in- 
terior of the island.] 


- 


YELLOW-BILLED CUCKOO. Coccyzus americanus (Linneus). 
PAJARO BOBO, PAJARO BOBO DH COSTA. ~ 


On August 27 a cuckoo heard calling in an almendra grove at Joyuda near 
.Cabo Rojo was secured as it sat in the sun on a low limb; it proved to be 
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the yellow-billed species. It was immature, and if not native must have been 
on the island for several days, as it was molting badly, having but two tail 
feathers. Another, thought to be this species, was heard August 31 near the 
same locality, but could not be found. Gundlach (1878, p. 232) records the 
species near Mayagiiez, Aguadilla, and Arecibo. Bowdish (1902-3, p. 364) 
secured two near Aguadilla, May 18 and 20, 1900, and one on Mona, August 17, 
1901. Thus the birds seem to be possible residents or regular migrants here 
in small numbers. They have the habits of the mangrove cuckoo, and thus 
far have been recorded only from the western end of the island, with the single 
exception of Gundlach’s Arecibo record. 

Food.—The only bird examined had eaten 15 caterpillars of two species and 
3 sugar-cane root-boring weevils (Diaprepes spengleri). It is to be hoped that 
a bird capable of doing so much good may become more common over the entire 
island. 


MANGROVE CUCKOO. Coccyzus minor nesiotes Cabanis. 
PasAro Boso, PasAro BoBO MpNoR. 

The mangrove cuckoo is a tolerably common resident species in this region. 
Many were found in mangrove swamps, coffee plantations, and in dense thickets 
overgrown with vines along small streams; but being of retiring habits, they 
were easily overlooked. In dry brush-covered areas, as on the smaller islands, 
they were especially common. The call notes are loud and sonorous and 
closely resemble those of the yellow-billed species. In the morning the birds 
frequently were seen sitting quietly in the sun on dead limbs, sometimes calling 
from these perches. Slow and methodical in their movements, they frequently 
remain motionless for several minutes and seldom fly far. On March 25, birds 
on Vieques Island were about to breed. The breeding season is of irregular 
extent, but appears to continue until October. 

Food.—¥ifteen stomachs were available for laboratory examination, and in 
these animal matter amounted to 99 per cent, Orthoptera and Lepidoptera 
(nearly all caterpillars) forming the main bulk of it. The vegetable matter 
(1 per cent) consist of a small quantity of rubbish found in one stomach 
secured in February. The true grasshoppers (Locustidz) form 50.31 per cent of 
the food and occurred in 13 of the 15 stomachs examined. The eggs as well as 
the insect itself are eaten, one stomach containing 32 of them. A cuckoo taken 
on Culebra Island in April had eaten a single mole cricket, but this forms only 
0.21 per cent of the total food. Walking sticks in four stomachs and a small 
ericket (Hlilipes minuta) in one make 3.1 per cent, and one bird had eaten a 
praying mantis. HEarwigs were taken by three birds. Cicadas (Proarno hila- 
ris) in two stomachs and stink bugs in another form 6.09 per cent. Cater- 
pillars occurred in nine stomachs and a moth in one, and together they amount 
to 29.52 per cent. Not much can be said regarding these, as the island species 
are not sufficiently well known, but undoubtedly they are all injurious. It is 
gratifying to learn that this cuckoo is aS active in their destruction as are its 
better-known northern congeners, the yellow- and black-billed cuckoos of the 
United States. As is frequently the case with the northern species, several 
stomachs were lined with caterpillars’ spines stuck in the walls of the stomach. 
Various beetles, almost all destructive weevils, form 3.59 per cent of the food. 
Scarred-snout beetles and a small cureculionid (Rhyssematus sp.) were among 
the most important beetles taken. Spiders form 4.06 per cent of the total, 
and miscellaneous matter, fragments of a Swi ee a snail, and remains 
of earwigs figure as 1.83 per cent. 

The mangrove cuckoo, with its appetite for Oxenabeae and injurious cater- 
pillars, is one of the most beneficial birds of the island. It has been accused 
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without corroboration of eating other bird’s eggs, but at present no evil is 
known of it. It will be noted that this is one of the few insectivorous birds 
of any size on the island that do not prey more or less upon the abundant 
lizards. 

The following were identified in the stomachs of the mangrove cuckoo: 


ORTHOPTHRA. COLEOPTERA. 
Mipesewningtian == 2a 1 | Pyrophorus tuminosus_____—_—--_..-- 1 
Orocharis /terebrans________--__—___- 2) | PE GCRHOSTELN GS) ee 1 
Scapteriscus didactylus_____-___----- VS EOUPia@: (Spier 2 2a ae ge ee 1 
Microcentrum triangulatum___—------~ 2) GChnOPUse SD ee Dee 2 
Neoconocephalus sp--===---—==--_=-_— 2 | Diaprepes spengleri_________________ 1 
ATG DY SC. CLG LIS ae ee en A.|| RAY SSEMALUS BSD eee 1 
Catlimantis antillarum ——~————-__-—__=__ il 

ARACHNIDA. 

HBEMIPTERA. Avicularia’ sps 2 See eee ee 1 
TRhiyanta perditor;= = = 1 dS 
IPLOULNG RIOTS Se eee eee 2) Subulina: spies 2 222 eee ee eee 1 


VIEILLOT’S GROUND CUCKOO. Saurothera vieilloti Bonaparte. 
PagJARO BoOvo, PAJARO DE AGUA, PasyAaRO Bobo Magzor. 

The ground cuckoo is a fairly common resident species in Porto Rico. In 
spite of its large size it is very inconspicuous, and its long tail, instead of making 
it prominent, aids its protective coloration by giving it rather an unbirdlike con- 
tour. In passing through the trees, the birds usually keep to the densest foliage 
and make long pauses, during which they sit motionless or merely turn the 
head slightly. In early morning they may be found in dead trees or on exposed 
limbs, where they sit in the sun with drooping wings and ruffled feathers. They 
are very tame and show no fear of man. Though seen occasionally on the 
ground, they seem to spend most of their time in bushes and trees. The ordi- 
nary call notes, heard frequently, are cuckoolike and resemble the syllables 
cow cow, kuk krrk given disconnectedly. Sometimes a cuckoo would perch in 
the top of a tree, giving a sonorous almost ravenlike note, and on one occasion 
one was seen standing on a limb with trembling wings, giving utterance to a 
low cooing note. In some localities the name ‘‘ pajaro de agua” was given them 
because of the belief that they called. only before an approaching rain—a~- 
prophecy that usually came true. They were more common inland in the coffee 
plantations, but were encountered in the swampy forest near Mameyes and 
elsewhere near the coast. 

A. and E. Newton* record one taken on Bieque (Vieques Island) by a col- 
lector for Apotheker Riise, of St. Thomas, the only known record of the bird 
outside the island of Porto Rico. 

Food.—Tabulated results of examinations of 11 stomachs show 99.89 per cent 
animal matter. A small percentage of vegetable rubbish was found in two 
stomachs, but nothing that can be called true vegetable food was taken. Small 
lizards make up more than three-fourths of the bulk, and a few spiders, Lepi- 
doptera, and cicadas form most of the remainder. 

Lizard remains occurred in 10 stomachs, and in many cases small ones were 
found entire. Frequently, however, when torn in two, the contents of their 
stomachs (ants and small beetles) usually mingled with the food of the bird 
itself, so that care was necessary in separating this material. Four species of 
lizards were identified, but all the small ones found in the forests and coffee 
plantations are eaten. They make 78.56 per cent of the food. Spiders, fre- 


1Ibis, 1859, p. 378, 


, 
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quently of large size, form 6.85 per cent, and cicadas (Proarno hilaris) 4.16 per 
cent. Caterpillars in six stomachs and moths in two together comprised 7.92 
per cent. Coleoptera amount to only 0.92 per cent, and about half of this food 
consisted of weevil remains, the rest of fragments of longicorns (Leptostylus 
sp.) and a leaf beetle (Jfesomphalia sp.). Harwigs were eaten three times and 
orthopteran remains occurred twice. 

In consuming such quantities of lizards this bird must be considered injurious, 
though to some extent it makes up for this by a diet of pernicious caterpillars, 
and in case of serious outbreaks of these pests this cuckoo could do good work in 
suppressing them. ‘The bird is not common enough to make a reduction of its 
numbers necessary, nor under present conditions will it become so. Though 
many lizards are destroyed, they still hold their own. The ground cuckoo has 
from all accounts diminished greatly in numbers in the last 40 years and is no 
longer present in sufficient numbers to be of economic importance. 

The following were identified in the stomachs examined: 


HEMIPTERA. REPTILIA. 
EVOOINO MIMOTNS 2s os ees ol eS 4c ZAmolisi Spats ee 3. a seers Sere ee el hte ff 
SoEndani Anolisnenmstateliuse == ee af 
i AWOUS “KU 0t 82 =e ee ee 2 
WERIOGCEULSs SD aa ee i (ANOS GUNCLEChI=——— == ae ee 1 
WMESONDOUG, (SP = a= 1 | Anolis ‘stratus = SS ea 1 
himassemoatus spss 22220) 2s es ail 
ARACHNIDA. 
PRCT RITO SIC set rn 1 


ANI. Crotophaga ani Linneus. 
JUDIO. 

The ani is a common resident species in Porto Rico. These strange birds 
are found in flocks of from half a dozen to 20 or more, principally in pastures, 
but also in cane fields and orange groves, where they sometimes feed. In the 
pastures they remain near the cattle, keeping ahead of them with long hops, 
presumably to get the insects scared up. An intruder is greeted with a queru- 
lous call, and the whole flock goes stringing off across the fields to perch in a 
bush or low tree, where they crowd together and peer out curiously, their long 
tails and arched beaks producing an odd appearance. In early morning, when 
the grass is wet, they frequently sit with-wings extended, drying them in the 
sun. The wings are small for the size of the bird, and the flight, a series of 
steady wing beats alternating with short sails, is not strong. In a heavy wind 
the birds are almost helpless and seldom rise very high at any time. When 
on the wing the back appears concave, as the head -and tail are held higher. 

On Culebra Island these birds fairly swarmed in the pastures. They are 
said formerly to have been as common on Porto Rico, but to have lessened in 
numbers greatly since the introduction of the mongoose. As they are much 
on the ground the mongoose could surprise them often. In the heat of the day 
they usually take refuge in the shade of dense clumps of bamboo along streams. 
They also roost in these at night, as well as in the mangroves around the 
lagoons. The ordinary call notes are a low kur-r-rk, and a querulous quee ick 
quee ick varied by low chuckling notes. When the birds are at all wild they 
serve to alarm the entire country, as they begin to call immediately upon per- 
ceiving a strange object. Although they occur in the pastures in the higher 
altitudes, they are not at all common except lower down. 

The breeding season varies greatly. A female containing a fully formed egg 
was taken near Rio Piedras December 20, and breeding birds or young in first 
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plumage were noted until field work was completed in September, so that 
apparently they nest the year round. Although these birds often build com- 
munal nests, this is not aways the case. Near Cayey, January 22, a pair were 
seen constructing a nest in a tree about 30 feet above a small stream, the male 
sitting on a limb above while the female was in the nest, as yet only a loose 
mass of sticks and weeds, moving and turning to shape it to her body, her long 
tail sticking nearly straight up in the air. July 25, near Bayamon, a single 
bird slipped quietly from a bulky nest in a clump of bamboos and only its 
mate appeared to join it. The nests seen ranged from 6 (Vieques Island) to 
30 feet above the ground and were all large and bulky. 

On May 20, near Yauco, three anis were seen in a tree in which several 
mozambiques had nests. The anis were right at the nests, and the blackbirds, 
together with a pair of gray kingbirds, were much excited, but appeared to be 
unable to drive away the intruders. The anis were evidently bent on robbing 
the nests, and one was shot in the act of gulping down something, which was 
found to be an egg. No other instances of this egg-eating habit were observed. 

Food.—In 41 stomachs of the ani animal matter forms 91.3 per cent and 
vegetable 8.7 per cent. Orthoptera make up the largest item of animal food, 
with Coleoptera next, while large quantities of true bugs and caterpillars were 
taken. Vegetable matter was made up almost entirely of seeds and wild fruits, 
with a little rubbish secured with other food. 

Animal food.—Orthoptera, the largest part of the food of this bird, form 
41.58 per cent. Mole crickets (Scapteriscus didactylus) occur in five stomachs 
and make 5.69 per cent, forming an important element of the food. Locusts 
(Acrididx) were eaten 21, and katydids (Locustide) 24 times, and these, with 
’ cricket remains in 6 instances, amount to 35.8 per cent. These are picked up 
on the ground and are all injurious insects. Predacious mantids were found 
in three stomachs, but compared with other Orthoptera form a very small 
bulk. The largest quantities of Orthoptera are found from December to May 
and the smallest in July and August. 

Of Coleoptera, weevils (14.81 per cent) are the best represented, and are 
injurious almost without exception. The one occurring most is the destructive 
cane root-borer (Diaprepes spenglerit), which was found in 14 stomachs and 
amounts to 7.09 per cent. The adult weevil is common in pastures and fields 
frequented by the ani and offers them an easily secured means of subsistence. 
It is known to feed not only upon the sugar cane but also upon the roots of 
orange trees. The larval form of this weevil, known as el gorgojo-barreno de las 
raices, is safe from bird enemies except at plowing time, but the adult is open 
to attack at all seasons. The weevil stalk-borer, el gorgojo-barreno in los tallos, 
was eaten once. A single predacious ground beetle (Calosoma aliernans) was 
eaten, as well as two others (Selenophorus sp.), of doubtful character. Leaf 
beetles amount to 3.61 per cent; among them a green diabrotica (Diabrotica 
graminea), known to injure cane and various vegetables by eating the leaves, 
was taken eight times. Miscellaneous beetles amount to 4.72 per cent and Seara- 
beide to 0.21 per cent, consisting entirely of small species (Aphodius and 
Atenius). In this great mass of beetles only one ladybird (Cycloneda limbifer) 
was found. 

Squash bugs (Pentatomide) form 9.24 per cent and were present in 22 in- 
stances. They are known to be more or less injurious and, unsavory and ill 
smelling as they are, appear to be freely eaten by the ani. Miscellaneous Hemip- 
tera form 1.22 per cent and are composed.of stray water boatmen and back 
swimmers with a few predacious ambush and assassin bugs and others. 

Caterpillars were found in 17 stomachs and moths in 7, and form 9.71 per 
‘cent. In some cases almost an entire meal was made from caterpillars, one 
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bird alone having eaten 38. Spiders were taken freely, but amount to only 
4.08 per cent. Strangely enough, no cattle ticks were found, though it is the 
universal belief that the ani consumes many, and from that fact indeed is de- 
rived its generic name. 

Miscellaneous animal matter amounting to 1.45 per cent is composed of a wide 
range of material. Fragments of a dragon fiy, a dipteran, and crustacean re- 
mains each occur once. One stomach contained a peculiar flat platelike tooth 
from some fish, and only two contained lizard remains. The bird, shot in the 
act of robbing a blackbird’s nest, contained large fragments of eggshell. 

The following were identified in the stomachs of the ani: 


ORTHOPTERA. COLEOPTERA—continued. 
Schistocerca sp-------------------- 5 | Cycloneda limbifer__________------- 1 
Schistocerca columbiana_-----~------- i Monocrepidius bifoveatus_____----~--~ 1 
Plectrotettiv sp--__---------~---_-- 6 | Aphodius Uiwidus___________----____ 1 
Plectrotettia gregarius_..——_-=-=-__— 2 | Atenius stercorator________________ 2 
'Homorocoryphus sp----------~------ Dalle Ohlonidaynpestiiva*e—= 2s! Je 1 
Conocephalus sp-----~~-~-------__- 1 | Diabrotica graminea_______------__ 8 
Neoconocephalus sp_--------------- 1 | Ceratoma denticornis______--_______ 2 
Neoconocephalus macropterus_-—-----~ ST CntOe ISD ee ee ee Ee tee 2 
Callimantis antillarum_————--------- 1 | Coptocycla signifera___________-____ 3 
Anurogryllus sp----------~---~--~---- Dinh etocnemamsp= ss so= ae eee 1 
Anurogryllus muticus__-----_--_---_ DEM ochnowsus Spa 42 =a eee 1 
Grylls \aSSimnilis. 22 2-2. LL RAY SSCMELES TSP eee ae 8 
Scapteriscus didactylus____________- 5 | Metamasius hemipterus______-----_- 1 
HEMIPTERA. BOChn OPUS SD= === = 4 
Diaprepes. spenglert —=. ss aes ae 14 
COLNCOMA Eee == oo le 1 
Notonecta BO 2 HYMENOPTERA. 
ACVUSTT Spa re ee Se te 2 
Phymata angulata_____-__--------- Dal SUILOCH ALCS wy SDE tea ee es a 1 
COMA SS er ee Ae EE Miegachilen spss eee ee eS 1 
CULOMANING Spas a ee 1 | Solenopsis geminata__________--_-__ 1 
SDUREOCEYO)  TUSCU === a= ne RE CSD GSD ar eee Stead ern ett ARS ee 1 
FMLCSSOM SDs 52 see Se ee ee 1 
INICZUT hye SD = 2 a= St 3 ARACHNIDA. 
IPTOTISENSD 2 on 2 
TTT CTAEE Uta Se ee a eo ae 4 || (NYCOS0). Qleneansaseaceesece esas Sse 3 
Thyanta perditor__.______.___-_-_-__ 3 | Oxyopes salticus_____------_--___~_-_ ie 
Margarodes formicarum ____---_-___ iL |) JIG Sennen nce esse assess ass 1 
AROLODE MOTO CNLOLO =e a ee ee 1 
COLEOPTERA. 9 TOP orate ln nN td BES odes basaceh ST Named hale 1 


Caloseoma ‘alternans2 22-2 ——=-- = 
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Vegetable food.—The vegetable matter (8.7 per cent) was made up largely 
of the seeds of the cherrylike moral (Cordia sp.), which occurred in 15 of the 
41 stomachs. It is doubtful whether seeds themselves appeal to this bird, as 
there were few in the stomachs which did not have a more or less pulpy ex- 
terior. The gizzard is hardly fitted for grinding up flinty seeds and in only 
one stomach was a trace of gravel found. In the field the birds were seen 
eating the icaco (Chrysobalanus sp.). None of the fruits taken are in any way 
the product of man’s labor. The following seeds were identified in the stomachs: 


Whitetop (Dichromena sp.)~-------- iepavoeral™ COGLAi) “Sps) 2 =e 15 
Palm (Coccothrinagz sp.).-------~--- 1 | Concombre (Cucumis sp.)----------_ 1 
Espino (Xanthozylum sp.) --------+- 4s COMPOSI tay Spates a tS ee 1 
Huphorpiaces \' sponse eS 1 


Summary.—tThe judio or ani may be considered entirely beneficial, as it de- 
stroys large numbers of highly injurious orthoptera, beetles, and caterpillars. 
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The only evil that can be attributed to it is not appreciable when compared 
with the services rendered: a few beneficial insects are destroyed and one bird 
had robbed a blackbird’s nest, an occurrence believed to be exceptional. As a 
whole, the bird is a valuable aid to the landowner and should be carefully 
protected. 


PORTO RICAN WOODPECKER. WMelanerpes portoricensis (Daudin). 
CARPINTERO. 

The woodpecker is common in Porto Rico and on Vieques Island ‘wherever 
there are trees large enough to afford it shelter. At present it is rather rare in 
the coastal region, as the forests have been cleared for many years. In habits 
end notes it strongly resembles the red-headed woodpecker of the United States, 
and has many of the habits of that bird. The flight is strong and undulating, 
as with other woodpeckers, and, while the birds are not wild, they are not easy 
to approach if they suspect they are being followed. ‘This is one of the few 
species common in coffee plantations. The woodpecker finds a congenial home . 
in the trees shading the coffee, and searches their trunks constantly for insects. 
Occasionally in the early morning, from January until May, they were heard 
drumming a rapid tattoo on a dead limb. 

The birds were seen excavating nesting holes in February, and apparently 
deposited eggs from April 20 to May 1. At Yauco one nest was still empty 
May 17. By May 29 a few young were seen on the wing near Maricao, and 
from then on they were common. Adults were very vociferous and anxious 
about the young and fed them for about two weeks after leaving the nests. 
These birds apparently remain mated throughout the year. Woodpeckers were 
- often seen in early morning sunning themselves on dead stubs, as the red-heads 
do, but, seemingly indifferent to the passing insects, they made no attempt to 
-eatch them. 

Food.—In 59 stomachs of this woodpecker animal matter amounts to 65.83 
per cent and vegetable to 34.17 per cent. Wood-boring larve, ants, and earwigs 
form a large share of the animal matter eaten, and small wild fruits, with a 
certain proportion of rubbish, make up the vegetable food. The material exam- 
ined represented the food of all the months from January to August. 

Animal food.—Earwigs (Forficulide) (8.55 per cent) were found in 40 
stomachs, usually only the oddly formed tail forceps surviving the process 
of digestion. Only one species (Phaulex albipes) was identified and it is ap- 
parently common on the island. Not much is at present known regarding the 
status of these insects, but it is possible that some of the larger tropical forms 
may be of economic importance. Orthopteran remains (1.03 per cent) were 
found in three stomachs only. One cricket was eaten. Larvee of wood borers 
mainly of longicorn beetles were found in 32 stomachs and, with adult longi- 
corns in 3 others, form 24.68 per cent. This woodpecker, frequenting the coffee 
plantations, thus aids in ridding the shade trees, so essential to good crops of 
coffee, of their pests. By means of its strong bill and long tongue it can uncover 
and drag out these destructive larve, protected from other birds beneath the 
bark. Weevil remains in 18 stomachs amount to 1.47 per cent and other Coleop- 
tera figure as 3.99 per cent. Darkling beetles were found commonly, as many 
-of them live underneath bark. All were difficult of identification, as hard in- 
sects are thoroughly broken up before being swallowed. Among the Hemiptera, 
eaten by seven birds (4.16 per cent), were two stinkbugs (Pentatonnids) aa 
two cicadas (Proarno hilaris). 

Next to the wood-boring larvee, ants (10: 87 per cent) form the largest single 
item, being found in 42 stomachs, in several forming a large part of the con- 
‘tents. One species (Myrmelachista ambigua ramulorum) found in 14 stomachs 
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is very destructive in coffee plantations, where it makes canals in the pith of 
the new shoots of the coffee trees. When mature the shoots are frequently 
weakened so that they break when bent down by the pickers, injuring the trees 
and damaging the crop in many cases. One bird had eaten 81 of these ants, an- 
other 100, and others contained smaller numbers. A few caterpillars amount to 
2.49 per cent and spiders to 1.37 per cent. The little arboreal tree toad or coqui 
(Hleutherodactylus sp.) was eaten by seven birds, and small lizard remains 
occurred in five stomachs, together forming 6.17 per cent. Miscellaneous animal 
matter (1.55 per cent) was made up of a single scorpion, whose sting was found 
in the stomach, a centipede, a wood louse, and two snails. Thus the animal 
food seems to consist almost entirely of material taken from the trunks of 
trees. 
The following were identified in the stomachs examined : 


CRUSTACEA, COLEOPTERA—continued. 
OUNUCU CCS ISD ee ee 1 (PLOTS AEM! Spee are eet te eens AES epee yy 2 
FT ClLO DS c' SP eee Bie sot ht Sees bd oa Sb 3 
EUPLEXOPTERA. Pinte ee a a 1 
Phaulen albipess—___—_-—— = 2 
HYMENOPTERA. 
ORTHOPTERA. 
SOLCHOD SIS Spies ie 2a Re ee iL 
Leucophea surinamensis______------~ TS eM Nelachista SD a= a 3 
Myrmelachista ambigua ramulorum_. 14 
HEMIPTERA. Cardiocondyla emeryi______________~ il 
Ton i LC OVA 2k A Meese a Te 
Pee Hilarie ClO BU 2 Monomorium floricola il 
z Camponotus wstus.——-——- 2 
COTTE ISD ee oe eS Ses a ae 1 
ARACHNIDA. 
COLEOPTERA. 
VEL CUS Sica aes See te ee 
Tropisternus sp------------------_- 1 Oxyopes salticus 1 
Atenius sp----~--------~---~---~-- A VERTEBRATA. 
WCRLOSLUUUS SD ae ae 1 
MBOCIVOIUS. -SDisana ae ae oe ee oe il ||) UCR OG ROCKO. SUS ts 
RENUOCHIULG’ (Sees ee es ee AA PPATOUUSH SDS a ee SE, Sia oe a ee 3 
HENeUniOIWES (SD) Sees ae a ee ee IW Anolis: hrugises es Se. ee os tee 1 


Vegetable food.—Seeds and small fruits form 24.98 per cent of the food and 
vegetable rubbish, composed almost entirely of bits of wood, 9.24 per cent. The 
berries of various palms and small fruits borne by rubiaceous shrubs, many of 
which could not be identified, seem to be most relished. Fruits of the camacey 
(Miconia sp.) and palo moro (Psychotria sp.) were discovered by field observa- 
tions to be favorites, and below El Yunque one bird was seen picking at the 
scales at the base of the fronds of a tree fern or jelecho (Cyathea arborea). 
None of the fruits or seeds eaten are of commercial value. 

The following seeds were identified : 


Espino (Xanthorylum sp.) ---------- 
Huphorbiaces sp=—---==---—--=-—__+ 
Morals (Cordiausp.) 2 —=-22s2e— 
Composite, (spy sos eee ee 


FAIRE CACEsBE tic) Suna cos eres. Ter eS Eee 
Palm (Coccothrinagz sp.) -_-_------- 
Palma de Sierra (Acrista sp.)------ 
Wik ne GMtChS Sp. )a 2-222 
Mest (RUUua epi ee ee 


bo ob) H oo 
Ol OT et 


Summary.—tin some localities the woodpecker damages coconut palms by 
digging nesting holes in them. Water gathers in these holes and the trunk 
decays until finally the tree is broken by the wind. As it takes these palms five 
to seven years to mature, this means considerable loss. However, it was found 
that woodpeckers occurred in the palm groves only where areas of lowland 
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forest had been recently cleared, as at Punta Picua north of Mameyes, and 
that in the older groves they had not been seen for many years. It appears, 
then, that this is not a common habit with them, and that when discouraged 
the birds do not return. So that on the whole the woodpecker is to be con- 
sidered beneficial. The only representative of its family in the region, it occu- 
pies a peculiar place in regard to insect pests, being able to combat those 
safe from the attacks of other birds and to aid in reducing the numbers of 
others Jess favored but none the less noxious. Where it does damage to the 
coconut groves a reduction of its numbers may be countenanced, but elsewhere 
it should be protected. 


PORTO RICAN TODY. Todus mexicanus Lesson. (PLATE I. Frontispiece.) 
San PEpDRITO, MEDIO PESO, PAPAGAYO, BARRANCOLINO, VERDADON. 

The tody was common over the entire island of Porto Rico, usually being 

absent, however, from the lowlands and never reaching clear to the coast. It 
frequents dense forests, coffee plantations, or the brush-covered banks of 
streams in damp localities, but is also common in the dry hills of the south 
coast where there is no water. Though brilliantly colored, this little bird is 
very inconspicuous, the green of the back resembling the vegetation, while 
in the coffee plantations even the bright red of the throat may be mistaken for 
a ripe coffee berry. Todies are tame little fellows, keeping usually in the low 
growth and coming up almost within arm’s reach. On warm mornings, after 
a day and a night of fog and rain, they are found in the trees above the brush, 
and then their true numbers may be appreciated. When perching they sit 
nearly upright, the large bill at an angle of 45°. The ordinary note is a loud, 
harsh pree or pree-ah, entirely disproportionate to the size of the bird. In 
- calling it rises to the full length of the legs and points the bill up. Another 
- habit is to fly out with a loud whirring rattle of the wings, apparently made by 
the attenuate outer primary. This is under the control of the bird, as some- 
times the flight is noiseless. The sound is made by both sexes, mainly from 
January to June, but is seldom heard after the breeding season. 

This little bird is one of the few species common in the dense forests on Hl 
Yunque, though here the fogs and heavy rains seem to subdue them somewhat, 
and only occasionally do they break out into their loud notes. They are said to 
begin nesting the first week in March, and birds taken then showed earth stains 
on the plumage. Apparently the eggs are not deposited until May or June, 
the young birds being common in July. The first nest seen was near Yauco on 
May 24. A bird flew up from the face of a cut bank in a dry pasture, and on 
examination the entrance to the nest was found, a hole about 14 inches in diam- 
eter, Showing the double path of an occupied nest. The tunnel went straight in 
through the hard earth for 10 inches, and then turned at a right angle, going 
8 inches farther to the terminal chamber, a cavity 3 inches high, the same in 
width, and 5 inches deep. This nest contained three eggs, laid on the bare 
earth, of a size that was astonishing, considering the smallness of the bird. — 
Each one was worked into a little hollow in the loose earth so that it was 
partly embedded, but even then it must have been a task for the female to 
cover them. They were a beautiful transparent white, showing a rosy reflection 
_ before blowing, and dull white afterwards. Another nest found in a claybank 
near Maricao June 3 consisted of a hole 14 inches in diameter and 8 inches deep 
leading into a circular chamber 3 inches across. The nest contained two eggs, 
so stained by the red clay that they appeared to be densely spotted. Young 
were first seen near Quebradillas July 5, and after that were common. At first 

their throats are plain, but red feathers soon appear, and then they resemble 
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adults except for the shorter bill. The usual color of the iris in this species is 
grayish white, but in many it was plain slate. 

These little birds are very active flycatchers, always watching overhead 
for insects, and capturing them on the wing with a loud snap of the bill, or 
picking them from the underside of leaves. In dry areas they frequently feed 
actively about the tips of twigs, and work through more open localities than is 
their usual habit. 

Food.—In 89 stomachs of the tody, animal matter forms 97.62 per cent and 
vegetable 2.38 per cent. Flies, beetles, and small lantern flies form the most 
important elements of the animal food, and a few seeds compose the vegetable 
matter. In so small a bird the insects taken are of necessity of minute propor- 
tions, and from field observations little could be learned save that they seemed 
to feed to a considerable extent upon ants and small Homoptera. 

Animal food.—F orty-nine of the birds taken had eaten odd, forcep-tailed ear- 
wigs, creatures of uncertain habit, and these form 9.4 per ‘cent of the total. 
Orthoptera were seldom taken and amount to 2.28 per cent. The larger part 
of this is made up of grasshoppers, in six stomachs, while single birds had 
eaten a roach, a locust, and a mantis, all of small size. Small Homoptera, all 
of great economic importance, form 9.28 per cent. Small lantern flies (Ormenis 
sp.) are known to attack the young shoots of coffee, while leaf hoppers (Teé- 
tigonia sp.) are injurious to small crops and undoubtedly to larger trees. Other 
Hemiptera (1.11 per cent) comprise a miscellaneous assortment of ambush 
bugs, stinkbugs, and scale insects, the last two each found five times. The red 
scale (Lecanium sp.) was among those taken. Caterpillars in 9 stomachs and 
moth remains in 18 form 5.21 per cent. Though remains of Diptera figure as 
30.88 per cent and were eaten by 65 birds, they were so broken and ground up 
that further identification was usually impracticable. Mosquitoes were identi- 
fied certainly in one case and doubtfully in several others. They are, however, 
so easily broken up that they readily escape notice. 

Beetles combined amount to 23.44 per cent, but the only useful ones found 

_are ladybirds (Coccinellidz). Though these occtr in 21 stomachs, they amount 
to only 1.59 per cent of the total food. Snout beetles (6.47 per cent) were 
present in 46 stomachs. These can without doubt all be classed as injurious 
and alone more than outweigh the useful beetles eaten. Leaf beetles—Chrys- 
omelidee—(8.55 per cent) were present in 42 of the stomachs examined. Dia- 
broticas and flea beetles of several species were the most common, and with them 
were others of uncertain economic position. As a whole, however, this family 
and the longicorn beetles (4.87 per cent) are to be considered injurious. The 
Hymenoptera eaten (4.338 per cent) weigh in the balance against the bird, as 
they are composed largely of parasitic chalcids and ichneumon flies. One pecu- 
liar sawfly, a plant-feeding species, with curiously forked antennz, was found. 
Though many ants are consumed, one of their principal parasites (Kapala sp.) 
is eaten freely, being found in nine stomachs. Spiders in 38 stomachs amount 
to 8.17 per cent. Among the most unexpected discoveries were the remains of 
tiny lizards in five stomachs, and one can well imagine a vigorous struggle be- 
tween this diminutive bird and some active anolis which objected to being 
swallowed. These with a few insect eggs amount to 3,52 per cent. : 
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The following were identified in the tody stomachs examined: 


ORTHOPTERA. H COLEOPTERA—continued. 
Plectoptera poeyi___ Pe SO 1 | Diabrotica graminea____2___-______ 3 
TOL CG Spe Seer a RS eee a ee 1 
HEMIPTERA. GIG D GUN GIS Di eae ale Mee Lae ae 1 
TET ONTOS pee Met ie Se i ee, 14 Cerotoma sp —~--—-—--______________ 6 
: i ; Leme@:sp oo os eae aes 2 
Tettigonia ,occatoria _--_____________ 1 < 
Oo ‘ / PRYSiIMerUS SP ee ee Be a 2 
RIVENIS Sys Seeee eee eS ek 6 
: Calondra isp 22230 Se en ae as 2 
Oliarws: (Sp ie Sve pate Oe eal Be 1 Pluivous 9 
Macnocephanis spa.) = = es es 1 Se heel ee gr ae apie er 
LW YT, Sanaa saa eS SS = 1 DIPTERA. 
Geoconissp eee eee Se ere 1 
ECONIUNT SD SEL Lees ee £° Psilopus: sp) es Sa ae eh a 7 
Hristalis: spe ee See eh ee 1 
COLEOPTERA. Tetanops sp. 3 eae te ical. eae ill 
‘HYG OCKUSISP a= Ss Se ee DS a 2 BREST TET Stitt MAN DALE Te ee a3 
Simulium quadrivittatum —___________ 1 
(BGLOSUSI Se ee 2 Side a a DA 
Cycloneda limbifer__________________ 1 HIYMENOPTHRA, 
CUMUIUUSTOSCLCOUI Seas = nee 1 
Soynnillussp 22s eee ae 19° Kapald'sp 222282 se ee eee 9 
TFODENUS iS iad Sie apes Babine ME ss seu eeN A 1 | Hyptia Se al 
TeEneproideSiSp) 22s ea eee ee 1 Solenopsis: spas = as = a ee aa 1 
MBC ORNAG UWS SD a ae 1 | Solenopsis geminata=—* = 1 
PYVOCETUS {Spee ae ware eee eal ace |) AGCnOMmiSChia spas ee ee 1 
Oatorama’ spss 22 S5es Sea eee eae Si 
ATENiusispe: 222882 eal Tani hed 1 ARACHNIDA. 
A tenius ONG CHIG aes eee ee 1 Wagrus Sp Lt 2 A aT 1 
HOW S92 Sao eae Se 3 Epeira sp 1 
TOG VIOSRUNUS BO ee 3 MPC eMUNE Sinn tis chee 
VOM SD ae a a 1 VERTEBRATA. 
Cryptocephalus sp ____--__-________. 14 
Cryptocephalus pusio _______________ 1.) Anolis sp: 2. S222 eee ee ee 4 
ID XRD DUETS) 2 Se eee 8 1 


Vegetable food.—Little can be said regarding the vegetable food of the tody, 
as it is insignificant in volume. A small quantity of rubbish was present and the 
rest was composed of seeds found in 15 stomachs. None of those taken are of 
much importance, and they must be considered unaccustomed food for a bird 
otherwise insectivorous in its habits. 

The following seeds were identified : 


\WVallel sakes (UMC S105) See ese Hee 1 | Espino (Xanthozylum sp.)---------- 2 
Cenizo (Chenopodium sp.) —----------- 1. | Rubiacer (spi 2- 522] SS eee 7 
Hnesa(GRw0us sp.) 2222222 ane ene 1 


Summary.—Though considerable numbers of beneficial Hymenoptera and 
predacious ladybird beetles are eaten by the tody, they are more than counter- 
balanced by the great numbers of injurious lantern flies, leaf hoppers, beetles, 
and flies destroyed, and on the whole the bird is markedly beneficial. Its good 
work is confined largely to coffee plantations, and these fortunately will always 
furnish it shelter and protection. With encouragement it might in time come 
into the more open citrus groves, but at present it is largely limited to their 
borders. It should be given absolute protection in all localities. 


BELTED KINGFISHER. Ceryle alcyon alcyon (Linnzus). 
MARTIN PESCADOR, PITIRRE DH MANGLE, MATRACA, FRAILE MIGUELETE. 4 

The belted kingfisher is a common winter resident near the coast, about 
lagoons and bays and along the larger rivers. It does not commonly go far 
inland, though one was seen along the Rio Caguitos near Caguas on January 
10. Gundlach (1878, p. 218) records.it as arriving from the north in September, 
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and the last one I noted on Culebra was on April 21. The bird feeds on small 
tish, crawfish, etc., and occasionally one was noted about dry open spaces bor- 
dered with mangroves, where it was probably seeking small crabs. It occurs 
singly and is rather wild. 

Food.—Of three stomachs examined one was entirely empty. The other two 
were taken at Mameyes in February, and in one were found remains of a 
crawfish, while the other bird had eaten a short chunky fish 8} inches long, 
seemingly too large for so small a bird to swallow. Under present conditions 
the kingfisher can not be considered as directly injurious and should be 
protected. 


PORTO RICAN SHORT-EARED OWL. AsSio portoricensis Ridgway. 
Mvucaro RAL, MUCARO DH SABANA, MUCARO DE MELON, CorugA, LLORONA. 

The Porto Rican short-eared owl is found only on the island for which it 
is named, and at present is almost extinct. Natives reported it as occurring at 
rare intervals in the grass fields of the lowlands at Rio Piedras, and it was 
also heard of among the lower foothills above Mameyes, near Salinas, Utuado, 
and Lares, where it was found in almost impassable growths of creepers and tree 
ferns. Near Utuado it was said to live and nest in small caves on the steepest 
hillsides, coming out only at night. One was said to have been captured there 
in the early summer (1912). Near Lares the natives believe that at night 
these owls swoop down upon an unsuspecting pedestrian, seize his hat, and 
earry it off into the “ malessa” for a nest. This bird is no longer present in 
sufficient numbers to be of economic importance, and being a terrestrial species, 
its decrease must be laid to the mongoose. This species certainly has not been 
common within recent times, as Gundlach (1878, p. 165) did not see it in the 
seventies when he was on the island. He reports it from Toa Baja, Furnias, 
and Lares. 


BARE-LEGGED OWL. Gymnasio nudipes nudipes (Daudin). (PLATES V and VI.) 
MUCARO. 

The little bare-legged owl is fairly common over the island of Porto Rico, but 
from its nocturnal habits may be easily overlooked. It was found most often 
in the coffee plantations in the hills, but was seen on the coast near Mameyes, 
and was reported from other localities. On the south coast it does not appear 
to be common. 

During the day the birds roost in thick clumps of leaves, and are rather 
stupid, so that the natives frequently catch them by slipping a noose about the 
neck. The flight is swift and noiseless. Early in the evening their call is 
frequently heard, low and tremulous like that of a screech owl. It is given 
most often from November to May. When the bird is frightened or excited, its 
note is a loud 000 boo like that of a burrowing owl. The small birds of the 
forest often discover this owl hiding in the leaves, and make a great fuss, but 
the owl remains motionless until they become tired and leave it. Near Maricao 
one flew out from a hole in a tree attracted by the calling of a wing-tipped 
vireo, and sat on a limb peering about until it was collected. From this hollow 
a young bird a week old covered with grayish white down was taken. The 
nest was a damp cavity, 6 or 8 inches deep, with two or three epiphytes grow- 
ing before the entrance. May and June would seem to be the breeding months, 
as other young birds almost fully fledged were taken at Lares during June. 

At Lares three were purchased alive, one of which was kept in captivity for 
four days, the others for a shorter period. The first was a peaceable little 
fellow, and allowed himself to be handled, stroked, or carried without attempt- 
ing to bite or scratch, and stared about with big eyes, as though in constant 
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wonder. On the second day of his captivity two more mucaros were secured, 
an adult female and a young bird, fully feathered. The young bird was intro- 
duced into the cage first, and the earlier occupant objected vigorously with 
sharp, barking notes, glaring down at the frightened intruder, which cowered in 
a corner. When the other adult was put in, however, it was too much, and 
the original bird, grasping it with one foot, began pulling out feathers with 
claws and bill while the stranger was too startled and dazed to attempt to 
defend itself. These birds were kept in a darkened room and were quite active 
during the day. 

While the natives claim that the little owl does much damage to the coffee 
crop by biting the ripened berries, sucking the juices from the sweet inner skin, 
and then letting the berry fall, most of them admitted upon close questioning 
that no one had seen the birds doing this. The only known facts seem to be 
that the owls are heard calling in the coffee plantations at night, and in the 
morning the berries are found on the ground. ‘The better-informed growers 
- attribute the damage to rats, probably the real culprits. The matter was tested 
with the captive birds, and though it was only the latter part of June, enough 
ripened berries were found for the purpose. These were carefully counted and 

inspected, and for two days the first bird was offered nothing but coffee ber- 
ries and water. At the end of this time the berries remained untouched, though 
the bird drank freely, and hunger made it very restless and active. It was then 
offered a large green grasshopper and a honey creeper. The former was swal- 
lowed at once, while the bird was carefully plucked, a process consuming 20 
minutes, and then pulled apart and swallowed. For another period of two 
days the bird was given nothing but coffee berries and water, with the same 
result. Similar experiments with the other birds produced similar results. 
These experiments would seem to show that these individuals at least had no 
‘taste for coffee. In other localities, as at Mameyes, these owls were accused 
also of eating gonduros (Cajanus cajan), a species of legume, but without proof 
of any kind. The damage in this case was probably also due to rats. 
Food.—Only five stomachs of the little bare-legged owl are available for ex- 
amination, but the results are interesting. The food, as might be expected, is 
entirely animal. Orthoptera (14 per cent) comprises roaches, crickets, grass- 
hoppers, and one mantis. One stomach examined was filled entirely with 
_ roaches, but this was not used in tabulation, as it was obtained from a native, 
and among the natives it is common to keep these birds in houses, where they 
feed extensively on roaches. One bird had eaten a mole cricket (Scapteriscus 
' didactylus), a food which at night should be easily found by owls. Caculos 
or May beetles (Lachnosterna sp.), So destructive in many localities, were found 
in three of the five stomachs and amount to 24.4 per cent. One bird had eaten 
eight of them. Feeding at night, the little owl is peculiarly adapted to secure 
' them, and with its capacious stomach can destroy large numbers. Cane weevil 
root-borers (Diaprepes spengleri) were found in two stomachs and amount to 
1.8 per cent. Other snout beetles, mainly scarred-nosed weevils (Otiorhyn- 
chide), amount to 1.2 per cent, and miscellaneous beetles, longicorns, click 
beetles, and dung beetles form 8.4 per cent. Lepidoptera (7.8 per cent) are 
represented by a caterpillar eaten by one bird and moths taken by two. Lizards 
(10.8 per cent) were eaten by four birds, and evidence keen sight on the part 
of the owl. In two stomachs were found birds (17 per cent), one of which was 
a redstart (Setophaga ruticilla) and the other a Carib grassquit (Tiaris Db. 
omissa). Miscellaneous animal matter (14.5 per cent) was composed largely 
of scorpions, which were swallowed, sting and all, and odd fragments of Hemip- _ 
- tera, none of them of much importance. 
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BARE-LEGGED OWL, OR MUCARO (GYMNASIO NUDIPES NUDIPES). 
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STOMACH CONTENTS OF A BARE-LEGGED OWL, OR MUCARO (GYMNASIO NUDIPES 
NUDIPES.) 4 


The food of one mticaro consisted of 11 May beetles (Lachnosterna sp.) besides other insects 
» and lizards shown in the two lower piles of fragments. 
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No trace of coffee, or, in fact, any vegetable matter, was found, thus con- 
firming the results of the experiments detailed above. In the light of these 
data the mucaro must be held guiltless of injury in the coffee fincas. That 
these owls eat coffee berries appears like many other beliefs to be more tradi- 
tion than anything else, and even some of the gibaros (hill people) admit that 
the belief has no foundation in fact, as is witnessed by a stanza in one of their 
songs.” 

Though to a certain extent destructive to other birds, the fact that the bare- 
legged owl feeds so largely on May beetles and injurious weevils places it in the 
category of beneficial species. As an enemy of the caculo (Lachnosterna sp.) 
alone it merits full protection and conservation. 

The following were identified in the stomachs examined: 


ORTHOPTERA. COLEOPTHRA—continued. 
Hpwamnpre sp-———_--- + = -=- == ---— Da Leptestylus sp? ste ee ae 1 
Anurogryllus muticus__----~-----~----- AEC. CHILO D USSD ete 22h aes 1 En at al 
Scapteriscus didactylus______-------- tl eDiaprenesispenglert = 1s. ee ee ® 
HEMIPTHRA. ARACHNIDA: 
Proarno hilaris_—___----------------- LA Genturisape oe etek mene ee ha ASA al 
COLEOPTERA. Tsometrus maculatus 22 oe ee 1 
Pyrophorus luminosus__—-—---------- 2 Rsainalaetefl ely 
TRG TTY FOURS 9 oa oe a ee i See 1 
Atenius stercorator _-_-------------- Kil AMO USS ia 8a! sar i rie rere ES SS ae 4 
CRT OSLCTILO SDs a eee 4 | Setophaga ruticilla (redstart)_______ 1 
ROTTS US) ee 1 | Tiaris b. omissa (Carib grassquit)--__ 1 


CHUCK-WILL’S-WIDOW. Antrostomus carolinensis (Gmelin). 
CAPACHO, GUABAIRO. 

The last of December I saw a chuck-will’s-widow in a small second-growth 
forest above the experiment station at Rio Piedras, and on January 11 Sefior 
José J. Monclova, of that town, gave me a fine specimen. These birds are 
apparently rare but regular winter visitants to this region. Bowdish (1902-3, 
p. 865) records them from Vieques Island, December 15 and 28, 1899, and Gund- 
lach (1878, p. 201) had one from Coamo Springs, and one from Arecibo In 
February, 1876. Stahl (1883, p. 61) says that they are very rare migrants. 

Food.—The stomach of the single bird noted above was entirely filled with 
animal matter. The only thing that could be identified was a May beetle 
(Lachnosterna sp.), amounting to 15 per cent. From what is known of its. 
habits in the North this species should feed on all of the common nocturnal 
beetles and moths. 


WHIP-POOR-WILL. Antrostomus vociferus vociferus (Wilson). 
GUABAIRO CHICO, GUARAIBA. 

The only known species of the whip-poor-will from the island is a female 
taken by Clark P. Streator for Cory (1889, p. 276). I flushed a bird from a 
stump in the small forest above the experiment station at Rio Piedras Decem- 
ber 23, 1911, and felt certain it was of this species. It is a very rare migrant. 


CUBAN NIGHTHAWK. Chordeiles virginianus minor (Cabanis). 
CREGUETH, CAPACHO, QUEREQUETEC, COMPACHO. 


According to Stahl (1887, p. 451), the Cuban nighthawk is a rare summer 
visitant, arriving in April and leaving in October, and nesting on the island. 


1Abre mficaro los ojos; 
Otro pajaro te engano. 
Otro espipita el café, 

Y tu trapao en la rama! 
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In his list of birds published in 1883 Stahl simply remarks (p. 61, that it is a 
migrant. Gundlach (1878a, p. 172) saw the species flying at Vega Baja, Do- 
rado, and Bayamon; and Bello secured one at Mayagiiez. Dr. C. W. Richmond 
(MS.) examined ‘a specimen from the Stahl collection in San Juan in 1900. 
Sundevall (1869, p. 600) lists one in the collection sent by Hjalmarson. I did 
not see or hear of this bird. ; 


GILT-CRESTED HUMMINGBIRD. Wicrolyssa exilis exilis (Gmelin). 
ZUMBADOR. / 

The beautiful gilt-crested hummingbird was fairly common on Vieques Island 
March 16 to April 3 and one was taken on Culebra April 12. Sundevall (1869, 
p. 600) has recorded the species from Porto Rico, but according to Gundlach 
(1878, p. 224) specimens received from Hjalmarson are of uncertain origin 
and may possibly have come from St. Bartholomew. Hjalmarson himself was 
uncertain as to the exact locality. 

Food.—In seven stomachs examined, animal food amounted to 100 per cent. 
Small homopterous remains which were found in one stomach made up 14.29 
per cent, and flies in another, 5 per cent. Hymenoptera, among which were 
many fragments of ants as well as small parasitic species, were found in three 
stomachs and amounted to 26.42 per cent. Remains of small spiders (Oxyopes 
sp. and others) constituted 54.29 per cent. The small Homoptera taken are all 
injurious, but the parasitic Hymenoptera are beneficial. It was impossible, how- 
ever, to determine just which of the hymenopterous insects were actually pre- 
dacious and which were tiny flower-loving wasps and bees of no economic im- 
portance. The spiders, though predacious, can do as much harm as good, so 
that this hummer may be considered of no great economic importance but 
worthy of preservation because of its small size and beauty. 


- [RUBY-THRCATED HUMMINGBIRD. 'Archilochis colubris (Linnezeus). 
ZUMBADOR. 


Gundlach includes the ruby-throated hummingbird in his list, from a picture seen in 
_ Bello’s album, but there is no other record. He mentions (1878, p. 226) a hummingbird 
sent him by Blanco in 1868 that resembled the female of this species, but had a tail like 
that of “ Lampornis’”’ (Anthracothorav). There is no certain basis for including it 
among the birds of Porto Rico.] 


PORTO RICAN EMERALD, FORK-TAILED HUMMINGBIRD. Chlorostilbon - 
maugei (Audebert and Vieillot). 
ZUMBADOR, ZUMZUM, COLIBRI, ZUMBADORCITO. 

The small fork-tailed hummer is mainly a species of the coffee plantations in 
high altitudes, though on the dry south side of the island it ranges to the coast. 
These birds were frequently observed searching over and under the limbs of 
the trees and about the leaves and twigs of the coffee. They were seen in the 
coastal region at Manati only, on the north coast, and not again until Salinas 
was reached. In the eastern portion of the island they were found only on 
EH] Yunque, where they occurred sparingly up to 2,500 feet elevation, and were 
not seen again in the eastern portion until one was noted above Cayey. 
They are most abundant on the western end of the island from Aibonito west. 
Preferring deep shade, they use low perches in coffee trees, only going up to 
perch on dead limbs in the sun on cool, damp mornings. Their humming was 
heard many times when the birds themselves could not be located. On shaded 
slopes high in the mountains they sometimes fed in the open, among the low 
bushes. They are very pugnacious and pursue each other with sharp, squeaking 
notes. 3 is 

The breeding season begins apparently the first of February, and full-grown 
young were common near Lares in June. The adults molt in May and June, 
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and regain the full plumage by the first of August. The two long outer tail 
feathers in the male are very loosely aflixed and easily lost. In young males 
the flesh-colored base of the mandible is less sharply defined anteriorly than in 
aduits. 

Food.—In 35 stomachs examined, representing the period from January to 
August, nothing but animal food (100 per cent) was found. In 5 stomachs 
were bits of sand and earth, forming considerable bulk in one or two cases. 
Lantern flies (Fulgoridse) amount to 21.64 per cent, and other small homopteran 
remains, largely made up of the same forms but so badly broken as to be inde- 
terminate, come to 12.76 per cent. Diptera were commonly eaten and amount 
to 15.64 per cent, and among the flies taken one mosquito was identified. 
Hymenoptera (6.28 per cent) were found in 9 stomachs. Small spiders, 
many of them immature specimens, were eaten constantly and form the largest 
single item in the food, 43.5 per cent. A little indeterminate animal matter 
comprises 0.18 per cent. 

In consuming large numbers of small Homoptera, all injurious species, this 
tiny hummingbird does good work in coffee plantations, and, disregarding the 
spiders, the only beneficial insects in its food were the few Hymenoptera. As 
these are greatly outweighed by the injurious species destroyed, the bird may be 
considered beneficial. 

The following were identified in these stomachs: 


HOMOPTERA. | ARACHNIDa. 
NETS STS SSS a CUCU GCs SY) par ee 2 et ey ee a 1 
DIPTERA, EE DELO ESD ares ene eee ee ee 2 
(NETUGVRAE Be Se ete Aan ec Re es 1 
AOLOMU Ee S Dee ee a ee 1 
SUG DUS SD eta ee ee re eee a 4 


GREEN CARIB, BLUE-BREASTED HUMMINGBIRD. Sericotes holosericeus holo- 
sericeus (Linnzeus). 
ZUMBADOR. 

The large blue-breasted hummingbird was common on Vieques, Culebra, and 
Culebrita Islands. Hjalmarson had two in his collection taken at Manati and 
Vega Baja (Gundlach, 1878a, p. 160), and these are the only records for Porto 
Rico itself. On Vieques it frequented the small areas of forest, and on Culebra 
was found in the mangroves about the bays. Although of swift flight, this bird 
does not seem so active as the other hummers, for while feeding it clung to 
flowers or twigs with its feet, or when this was impossible stopped frequently 
to rest. 

Food.—The food of this hummer, as shown by 22 stomachs taken in March 
and April, was entirely animal. Small bits of vegetable rubbish were present 
in two cases, but amount to only 0.338 per cent. Small Homoptera, largely lan- 
tern flies (Fulgorids), and a few leaf hoppers, amount to 14.83 per cent. Ano- 
biid beetles (Catorama sp.) of no particular importance were eaten twice, and 
these with one small weevil make up 0.83 per cent. Flies were commonly eaten 
and come to 7.14 per cent. Minute Hymenoptera, however, form the great bulk 
of the food and figure as 64.63 per cent, while small spiders come to 11.31 per 
cent.- The balance (1.07 per cent) was composed of miscellaneous animal matter. 
Although large numbers of small Hymenoptera are eaten, itis possible that only 
a part are parasitic. All are undoubtedly picked up while searching flowers, 
and so perhaps are flower-feeding species of no economic value. They were in 
such condition as to preclude certain identification. 'These small insects fairly 
swarm about the blossoming mufiecos and gonduros on the dry islands and offer 
an abundant food supply. This hummer, like the gilt-crested species, may be 
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considered neutral until more is learned of the life histories and habits of the 
smaller little-known tropical Hymenoptera. In consuming numbers of injurious 
Homoptera it does a certain amount of good and in the destruction of flies it is 
likewise useful. 

The following were identified in the stomachs examined: 


HOMOPTERA. DIPTERA. 
Tettigomp sp———_--____~___----_____ DS DP SUUO RUS) IIo Paes Le eee gee 1 
COLEOPTERA. ARACHNIDA. 


CGEOT ONG WES SE a ape aa eee Pa Ti GOH IGUS EONS (Se SY 1 


GREEN MANGO. Anthracothoraz viridis (Audebert and Vieillot). 
ZUMBADOR, ZUMBADOR VERDH. 

The hummingbird known as the green mango is confined to Porto Rico, and 
occurs mainly in the coffee plantations and inland forest growths, living either 
in the densest growth or in the borders of the woods. Only one was noted on 
the coast (near Mameyes), but a few were seen at Rio Piedras. In dry areas 
it was entirely absent, none being seen along the semiarid south side of the 
island nor in the region between Aguadilla and Camuy. When the forests were 
wet these birds were inactive until the sun was well up. When several were 
together they were very alert, pursuing each other and the smaller hummers 
like a flash. Occasionally in August, near Adjuntas, they gave a series of low 
twittering notes that might almost be called a song, while sitting quietly on a 
perch, but the usual note was a sharp squeak. Sometimes in collecting them 
_ they were attracted by the muzzle of the gun and hovered above it, advancing, 
retreating, and following after it. 

The birds were gathering nesting material in December, and the 1st of Feb- 
ruary females were busy collecting the downy seeds of certain plants near Aibo- 
nito. On the 3d of February one was seen driving a wood pewee from a tree, 
and later on pursuing a flycatcher, and as I watched it it flew up and settled 
on the nest, which was about 40 feet from the ground, saddled on a limb in the 
top of a tall, slender tree. The nest was not finished, and the bird was busy 
arranging the lining, twisting around to mold it to her body. Every passing 
bird or insect was noted and her head was moving constantly. The male perched 
in the top of the same or neighboring trees, whizzing threateningly at all 
feathered intruders, large and small, but not coming near the nest. Krom other 
observations, the male and female remain together throughout the breeding 
season. Gundlach (1878, p. 222) speaks of finding fresh eggs in October. 

The emajagua hedges (Paritium tiliaceum), with their large yellow flowers, 
were favorite hunting grounds with these hummers, as were the flowers of vari- 
ous trumpet creepers (Ipomea sp.). The birds were observed many times work- 
ing over the trunks and large limbs of trees, apparently gleaning small insects 
from the crevices of the bark. Frequently when little clouds of gnats gathered 
in the air above the trees, these large hummers hung with rapidly vibrating 
wings, changing to one side or the other, and whirling completely around with 
the greatest celerity, while picking up the minute insects. When tired they 
came down to shaded perches, rested a minute, and then flew up again to con- 
tinue as before. In the tobacco fields at Caguas they were accused of eating 
tobacco seed, but this hardly seems probable, and at any rate little damage 
would result. Near Cayey a bird worked over the ripened heads of some grass 
along a roadside, and though it may havé been gathering insects, none were 
found on the seed heads on close examination. 
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Food.—In 29 stomachs animal matter amounted to 98.57 per cent and vege- 
table to 1.48 per cent. Two birds had eaten seeds, and a third a small quan- 
tity of vegetable rubbish, so that this undoubtedly is a regular, though small, 
part of the food. The largest elements in the animal food were small Homop- 
tera, flies, and spiders. Nearly all of the stomachs were well filled with solid 
material, and, though these birds visit flowers systematically, as do all the other 
hummers mentioned in this report, large numbers of insects are captured within 
the corollas, and the part that nectar plays in the food is not so great as is 
usually believed. Certainly they are hungry for meat, as well as sweets. They 
- undoubtedly regurgitate waste matter, in the form of pellets, from which the 
nutriment has been digested. Several of these, 2 millimeters long by 1 wide, 
ready to be expelled, were found on opening the stomachs, and in each case con- 
sisted of a firmly compressed pellet containing chitinous fragments of insects 
and spiders. 

Small Homoptera were found in 9 stomachs and amount to 20.66 per cent, of 
which 16.35 per cent were certainly identified as Fulgoride. Engraver beetles 
(Platypus sp.) (7.77 per cent) occur in 7 stomachs. These beetles swarm in 
many localities but little is known of their habits in Porto Rico. Other Coleop- 
tera, including a leaf beetle, a phalacrid, and a weevil (Caulophilus sp.), figure 
as 2.07 per cent. Diptera were found in 18 stomachs and form 28.47 per cent, 
while ants amount to 6.77 per cent. Other Hymenoptera, present in only 7 
stomachs, represent 5.63 per cent. Spider remains in 11 stomachs come to 27.15 
per cent and a single thrips (Frankliniella insularis) (0.05 per cent) completes 
the count. In taking this thysanopteran a hint is given of possibilities in the 
destruction of noxious species of economic importance. This large hummer can 
unequivocally be placed with the beneficial species and, though relatively small, 
does an appreciable amount of good. 

The following were found in the stomachs of this hummingbird: 


THYSANOPTERA. DIPTERA. 
Franklinietla insularis_____ LAS SEStLOPUS LSD area ree ee 5 
paar Dilophus sp—---_----~~=_----_--____ 1 
OFC T Sins eens ik A 2 ARACHNIDA. ~ 
COLEOPTERA. Theridulta tranguiaris = = ‘es 
CONVO DRUTNS HS ate eas 1 
EVO UDC SEeES Die ene oe rl ar ol « 


PORTO RICAN MANGO. Anthracothoraz aurulentus (Audebert and Vieillot). 
ZUMBADOR, ZUMZUM, COLIBRI, ZUMBADOR DORADO. 


A common resident species in the island, the Porto Rican mango frequents open 
localities, hedges through pastures, and bushy growths on open hillsides. It is 
the common hummer of the coast region, and though a few were found in the 
mountains, as near Cayey and Aibonito, they were not common in high altitudes, 
and were never found in dense forests. On Vieques Island they were the most 
abundant of humming birds but were rare on Culebra Island. They were very 
pugnacious, continually chasing each other, or even driving away honey creepers 
feeding in the same localities. In pastures they fed at the large flowers of the 
emajagua (Paritium tiliaceum), and spent much time in trees, gleaning over 
the bark, searching the trunks and twigs, and examining them closely. The 
throat of one taken in a grapefruit grove near Manati was filled with ants. 
On Vieques Island this species did not mingle with other hummingbirds, and 
fed largely at the flowers of the molinillo (Leonotis sp.). In the small meadows 
where these plants grew there were always a dozen or so of the hummers buzz- 
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ing rapidly around, chasing each other back and forth, or probing the flowers. In 
March the young on Vieques were full grown, but on Porto Rico they appear to 
nest in May and June. A full-grown young of the year was taken near Ciales 
July 13. 

Food.—Thirty stomachs examined represented the months from January to 
August, with the exception of June. Animal matter forms 98.57 per cent and 
vegetable 1.48 per cent, the latter consisting of a large seed of panic grass. 
found in one stomach. The bulk of the animal food is composed of small 
Homoptera, Diptera, and Hymenoptera. 

Small Homoptera found in 15 stomachs amount to 33.35 per cent, 13.21 per 
cent being recognized as lantern flies (Fulgoride). Leaf hoppers (Jasside) 
were taken twice. Snout beetles come to 3.26 per cent, and other Coleoptera, 
death-watch and leaf beetles mainly, to 5.97 per cent. One mosquito was iden- 
tified. Remains of Diptera, which as a whole amount to 16.93 per cent, occur 
in 14 stomachs. Hymenoptera amount to 29.81 per cent; ants were found in 5 
stomachs and other Hymenoptera in 26. Spiders were eaten seven times and 
amount to 7.80 per cent, while miscellaneous matter, mainly earwig remains, 
totals 1.45 per cent. 

This large hummer has a rather varied insect fare and, though many Hymen- 
optera are eaten, they are compensated for by the injurious leaf hoppers, 
lantern flies, and beetles consumed. Though small, the hummingbirds have 
their own niche in the economy of life and do an appreciable amount of good. 
Movement as rapid as theirs requires quick consumption of fuel, and their 
stomachs, though small, must be filled frequently to keep up with the demand 
for muscle-building nutriment. In the quantity of small Homoptera eaten, the 

’ present species ranks near the warblers, and in the variety of beetles destroyed 
it exceeds any of the other hummers found in Porto Rico. 

The following were identified in these stomachs: 


HOMOPTERA. DIPTERA. 

. Psilopus spSi2 = 22 2 eae ee 2 
ORTWENIS (BD een a stan ei ore 2) Comeceravalarich== = = eee 1 
COLHOPTERA. HYMENOPTERA. 

TODEPUS GED ue kn ene 1 Solenopsis geminata_-------_-_-_--__~_ 1 
Haptoncus luteoluss 222s eee 1 { ARACHNIDA. 

Catorama! splse] Bae. See ae eee 8) EH peird:. Spiek ass. Se eae 2 
Cerotoma tsps see ee ea See A | Bpere thei ee 1 


JAMAICAN BLACK SWIET. WNephecetes niger jamaicensis (Ridgway). 
GOLONDRINA, VHENCEJO. 

The Jamaican black swift is apparently a rare resident species. Gundlach 
(1878, p. 200) records it from Lares, Quebradillas, and Utuado, and notes young 
birds from the latter locality. One was hawking about the sugar experiment 
station at Rio Piedras on December 16, 1911, but the species was not again 
seen until May 4. On that date near Yabucoa I saw a pair circling swiftly 
back and forth, high above a pasture. One was shot as it passed overhead, and 
came tumbling down, its companion following. The latter circled by once or 
twice like a flash and then disappeared. The bird taken was only winged, and 
showed a curious semicircular tuft of feathers in front of and above the eye 
that strongly resembled the facial disk of an owl. This is not noticeable in 
skins. Single birds were seen three times during the latter part of June about 
Lares. 

Food.—Two' stomachs of this swift contain animal matter only, composed 
mainly of ants, which in one case amount to 91 per cent and in the other to 45 
per cent. One species was identified (Wasmannia auropunctata), and one bird 
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had eaten 157 individuals. In one stomach were five small stinkbugs (Thyanta 
sp.) and five flies (Mugesta sp.). Beetles were represented by a pea weevil 
(Bruchus sp.) and a sap beetle ( Stelidota sp.). Several snout beetles (Calan- 
dridsze and Curculionids, including one Caulophilus sp.) and one engraver beetle 
(Platypus sp.) were taken. An unexpected species was a back swimmer (Plea 
striola), an aquatie form rather out of place in a swift’s stomach. The black 
swift is entirely beneficial in its food habits. It is to be regretted that it is not 
more common, as it is the only member of its family present in Porto Rico. 


GRAY KINGBIRD. Tyrannis dominicensis dominicensis (Gmelin). (PuLATH VII.) 
PITIRRE. 

The gray kingbird, a common resident species in Porto Rico, frequents open 
localities and is found through pastures, cultivated fields, and waste lands 
from the coast to the higher portions of the island, but is not found in forests 
or coffee plantations. None were seen in the forests on El Yunque, though 
the bird was common in all the clearings about its base, and only two were 
noted near Maricao, which is in the heart of the coffee district. 

The native name “ pitirre” is in imitation of the call note, which is heard 
eonstantly when the birds are near, and which at times is lengthened and 
softened until it might almost be called a song. The flight is direct, moder- 
ately fast, and accomplished by rapidly beating wings. The gray kingbird 
has the reputation among the country people of being the earliest riser among 
birds. In the daytime it scatters along the slopes and through the fields to 
feed, but at nightfall gathers in small parties along streams, to roost in the 
bamboos or in the mangroves surrounding the lagoons. In Caguas, Adjuntas, 
and a few other places at eventide they were noted coming in to roost in the 
trees of the plazas. As it grew dusk considerable numbers came flying in, 
singly or in little groups of four or five. At first they alighted in the tops of 
rather high, open trees, and from here made sallies after passing insects, abun- 
dant in the early twilight, or flew swiftly and rather erratically through the 
trees, Sweeping and diving, apparently merely for the pleasure of it. They were 
rather silent on these occasions. As it grew darker all retired to low, dense 
trees to roost. 

The nesting season extends from April to July, and during the latter month 
young are abundant. At all times very pugnacious, pursuing blackbirds, hawks, 
and other birds, they now become doubly so, resenting all intrusions in their 
neighborhood. Occasionally they were seen standing on open perches during 
showers with outspread trembling wings, evidently enjoying the downpour. 
At times this species is semigregarious, being drawn together by an abundance 
of food. Birds were frequently observed capturing insects on the wing about 
high, breezy points in the mountains. Trees loaded with various fruits, as 
the guaraguou (Trichilia spondiodes) or wild fig (Ficus sp.), drew large num- 
bers of them. March 6 along the Rio Mameyes, at the base of El Yunque, 
dozens of these birds came to feed on the fruit of the guaraguou. Seventeen 
were counted comparatively close together in one small tree. The laurel ber- 
ries (Phebe elongata) are ravenously eaten, although they are so large that 
the birds can scarcely swallow them. Where the fruit of the wild fig grows on 
slender twigs, the kingbird flies out and pulls it off, returning to a perch on 
the larger limbs to swallow it. Quantities of the berries of the balsamo 
(Palicourea crocea) and camacey (Miconia racemosa) also are taken. During 
August the young birds rely largely upon vegetable food. 

A few facts regarding the insect food of this kingbird were learned from 
field observation. Birds were twice observed eating the caterpillars of a large 
sphinx moth. These were beaten on a limb, and then the juices were ex- 
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tracted by working the body through the bill, while only the skin was dis- 
earded. Their services in eating these and other caterpillars were recognized, 
but at Caguas they were said to do some little damage by breaking the leaves 
of tobacco plants, either with the bill or the wing, in flying down to pick off 
the caterpillars. In Mayagiiez in June a few of these birds were catching in- 
sects above the hot, paved streets, and perching on wires and housetops. 

Food.—Highty-nine stomachs of the gray kingbird available for examination 
were distributed through the 10 months from December to September, and re- 
vealed animal food to the extent of 77.56 per cent. The vegetable matter, 22.44 
per cent, was considerable for a bird of this family. Many of the insects taken 
are large, conspicuous species and include weevils and other beetles, numbers of 
Hymenoptera, and a miscellaneous assortment from other orders. The vege- 
table matter eaten may be classed as wild fruits, all of them having a more 
or less pulpy mass surrounding a seed. These are swallowed whole, and when 
the soft exterior has been removed the hard seeds are regurgitated, no attempt 
being made to grind them up unless naturally soft. No gravel or sand was 
present in any of the stomachs examined. 

Animal food.—Though mole crickets are popularly supposed to figure largely 
in the fare of the pitirre, they were discovered in only six stomachs and amount 
to only 2.36 per cent, while other Orthoptera, a mantis, and a few grasshoppers 
and locusts, come to 0.95 per cent. Harwigs (Forficulide) (4.72 per cent) were 
eaten eight times. Cicadas were found six times and make 1.97 per cent, while 
stinkbugs (Pentatomidz) in nine stomachs come to 2.12 per cent. These evil- 
smelling insects seem to be eaten regularly, forming the largest bulk in Decem- 
ber. Miscellaneous fragments of other bugs (Heteroptera) comprise 0.68 per 
cent. In 82 stomachs were found remains of adults of the cane root-boring 
weevil (Diaprepes spengleri) (17.19 per cent), and in destroying these weevils 
the gray kingbird does as much good as if it fed on the Same number of changas. 
With the weevil stalk-borer (Metamasius hemipterus) (5.30 per cent) and mis- 
cellaneous weevils (1.34 per cent), largely coffee leaf-weevils (Lachnopus sp.), 
the bulk of injurious weevils taken is nearly one-fourth of the yearly food. 
These weevils, though just beginning to be recognized by agriculturists, are 
among the most important insects of the island from an economie standpoint 
and in destroying them a great service is done. In addition to these one bird 
had eaten a May beetle (Lachnosterna sp.) and other birds had taken bupres- 
tids (Acmeodera sp.) and leaf beetles. The only beneficial beetle eaten was a 
single ladybird (Cycloneda limbifer). Miscellaneous Coleoptera amount to 
1.3 per cent. 

Among the Hymenoptera, workers of the honeybee (Apis mellifica) (2.21 per 
cent) were identified in five stomachs collected at random in January and Feb- 
ruary. In 17 stomachs taken in June, largely at Lares about the apiary of 
Sr. Linares, domesticated bees form 9.12 per cent. This is the only damaging 
evidence against this bird, but it is greatly discounted by the good in other lines. 

Considerable complaint against the gray kingbird arises around apiaries, the 
principal loss being said to occur during the nuptial flight of the queens, when 
the latter, from their relatively slow and heavy flight, are readily captured. 
The great swarms of these insects, passing back and forth to the hives, are an 
’ attraction to these insect-feeding birds. They were observed flying in, circling 
back and forth among the bees, and above the hives, and then alighting near by 
in dead trees. Wild species of bees of no economic importance amount to 15.28 
per cent of the food. In making post-mortem stomach examinations of the birds 
taken about apiaries it should be borne in mind that wild bees also are relished, 
as these can not be distinguished from domestic species when discolored by 
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digestive juices and mixed with other material without the aid of a microscope. 
Bees other than the honeybee figure largely in the stomachs taken about’ 
apiaries, and in the series taken in June amount to 9.35 per cent. Frequently 
birds taken near the hives, vigorously catching insects in the passing swarms of 
bees, contained no trace of honeybees, though observation would have led to the 
inference that their stomachs would be crammed with them. In fact, about as 
many bees were found in birds killed in fields and pastures as in those collected 
in the immediate vicinity of the hives. Moreover, as bees were found in but 5 
stomachs out of 89, this should not weigh heavily against the bird when present 
in ordinary numbers, unless it is about at swarming time, when the queens are 
liable to be picked up. , 

Other Hymenoptera amount to 11.83 per cent and are composed largely of 
wasps. Caterpillars in ten stomachs and moths in four make up 4.75 per cent. 
Lizards, largely anolis, were eaten by four birds and amount to 3.64 per cent. 
One bird had swallowed an entire lizard 43 inches long. Miscellaneous food, 
consisting of spiders eaten three times, ant lions (Myrmelionidz) twice, one fly, 
and a small quantity of indeterminate matter, amounts to 2.42 per cent. 

The following were identified in the stomachs of the gray kingbird: 


ORTHOPTHRA. j HYMENOPTERA, 
MGIARUOCENCis Spx et MS TCL DAG AIS Die at eee Wek ern af Sar een, ol 2 
Callimantis antillarum______--__--~- Le ELTiSMI Spree see ely tex Sea Seer eee 1 
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ETL O MOI DIS) eee a ee lo i 
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IPFOUNILOIUILONIS ee Ss Polistesmecanadensis=———— =" = Eas 1 
INGETIRIe See Es Ae an eg eA OCHLOnO MSD no ees ee ee eee Ee 4 
TRI TIG I RYU ae ee alps NSS Ti ali OS DA CamnsOnienis Spa aes ene eee 2 
ACLU SMA AL ORGS ret ee cnc a Ls 1 | Campsomeris dorsata —==——___ | 2 
ELONUCLODSUSHOS Dee eee 2 
COLHOPTHRA, AMTEILG DILOTO a RIAU Oi 14 
Cycloneda limbifer _-------_---____- 4 | Centris versicolor _-__--__-_________ 1 
Memmidere tsp a2 2360 2) oo 2 2 | Bombus sp,------------------_--__- 1 
Pircnmesterne epee 4 | Apis mellifica (worker) -----________ 5 
WOLCHODLCEON Sen ee 1 
Oryptocephalus sp_-__-___-__-______ 1 VERTEBRATA. 
Ooptocycla signifera-—_-———_-_--_____» 1 ae iSa 
Diaprepes spengleri _-_-__--_____-___ 32 AnoWs SP ———— 3 
i OCRMONUS SD = on ees 3 
Metamasius hemipterus__---------~- 14 


Vegetable food.—Of the vegetable matter eaten, seeds and fruits comprise 
22.06 per cent, while vegetable rubbish amounts to only 0.88 per cent. The 
berries borne by the royal palm (Roystonea borinquena) and other species of 
the same family are favorites, as are those of the espino (Xanthoxzylum spp.), 
a fruit with little pulp and a peculiarly reticulated seed. Seeds of various 
euphorbias and of plants of the nightshade family are also sought greedily, and 
one bird had eaten seeds of the Santa Maria (Lantana sp.), a pernicious weed 
not of major importance in Porto Rico though very troublesome under similar 
conditions in Hawaii. The moral (Cordia spp.) was perhaps the favorite, being 
found in 12 stomachs. The fruits eaten are all wild and none are of commer- 
cial importance. _ 

The following seeds were identified in the stomachs examined: 

Royal palm (Roystonea borinquena) _— 
Palm’ (A.crista sp.) = s-.222=2=---+-_- 
Palma de Sierra (Acrista monticola) — 


ude hom (Meus Sp.)ie ae ee 
Chenopodaces’ spa] 22-2 e Lueck 


Ee Piytolacescen’ span oo oe ee eee 
Espino (Xanthozylum sp.) _--------_- 
Espino (Xanthozylum martinicense) —- 
Huphorbiacery spe e.- 
Croton (Orato ssp:) oo = — = 


ED et et 
BRR oe 
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Jatropha (Jatropha sp.) _---________ 29 {(vBoraginaces) isp22222* Sse 1 
Staff-tree (Rhacoma sp.)____________ 1, |; Moral(Condia, sp) 12 
Bejuco prieto (Paullinia sp.)________ 1 | Moral (Oordia nitida)_-_.___________ af 
Laurel (Phebe elongata)____________ 1 | Nigua (Tournefortia sp.) ------------ 1 
Camacey (Miconia sp.) _____________ 5 | Santa Maria (Lantana sp.) --------_- 1 
Adelia (Adelia.sp.) £22224) 22200 222 i) Rubiaces aspe) tes Seah esis eae 2 
Nightshade (Solanum sp.) _--_-______ 4 | Balsamo colorado (Hamelia patens) —- 1 
AG (CaDSiCUum ESD.) ee il 


/ 

Summary.—Detailed study of the food of the gray kingbird shows it to be 
beneficial almost without exception. A few honeybees are eaten, but they are 
more than made up for by the large bulk of injurious weevils, mole crickets, 
and Hemiptera destroyed. Though not so great an enemy of the changa (Scap- 
teriscus didactylus) as has commonly been believed, it accomplishes practically 
as much good in consuming cane root- and stalk-boring weevils and coffee leaf- 
weevils. ‘ 

In the cultivated fields this bird should be encouraged by every means possible 

‘because of the good it does in destroying these insect pests. It is always fairly 
common in citrus groves, and the cane fields furnish favorite feeding grounds, 
but when the cane grows tall there are few elevated perches from which the 
bird may watch for insects. The planting of the jobo tree (Spondias lutea) at 
short intervals along fences and roads is recommended, as its rather straggling 
growth furnishes open perches and the spiny trunk is a bar to would-be nest 
robbers. 


[KINGBIRD. Tyrannus tyrannus (Linneus). 
PITIRED. : 


The kingbird is recorded by Hartlaub (1847, p. 611) and by Cory (1892, p. 108) without 
comment. Cory (1886, p. 245) includes Porto Rico in its range with a query, and as no 
specimens are recorded it is considered best to treat this species as hypothetical. ] 


PORTO RICAN PETCHARY. Tolmarchus taylori (Sclater). 
CLERIGO, 

The flycatcher known as the petchary is a common resident in Porto Rico and 
on Vieques Island. Its original home would appear to be in the forests, which 
formerly covered the island. It is common now through the dense growth of 
‘coffee plantations, and in citrus groves having good-sized trees. In the low- 
lands its habits appear to be changing, and it is scattered through pastures 
and fields where there are mango trees or clumps of bamboo. Shaded perches 
are chosen, especially during the heat of the day. The birds are quiet and not 
-easily seen, as they usually perch where they are hidden by clumps of leaves. 
From these points they fly out after insects, sometimes for considerable dis- 
tances. They are rather silent, the call note being a loud pi ti tity, heard most 
often in the breeding season. Near Cayey, in January, one was seen bathing by 
‘repeatedly darting down to the surface of a pool. These birds are pugnacious, 
but not so much so as the gray kingbirds. 

The breeding season extends from March to June, and after the first of July 
young birds were common. In the dense forests of El Yunque they were nesting 
the first week in March, and scolded the crows with harsh notes when the latter 
alighted above their nests. 

Food.—For examination in the laboratory 61 stomachs of the clerigo were 
available, collected in the months from December to August and in all districts 
of the island, including Vieques. Animal matter in these forms 76.91 per cent 
and vegetable 23.09 per cent. Several species of weevils, Hemiptera, Hymen- 
optera, and tree toads form the large bulk of the animal food. Wild fruits 
‘figure somewhat more extensively than in the case of the gray kingbird and are 


a ae 
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taken in the same manner. Its food also differs from that of the kingbird 
mainly in its small consumption of Hymenoptera, with a corresponding increase 
in the destruction of beetles and vertebrates, these differences in diet resulting 
from differences in habitat. 

Animal food.—Though the mole cricket (Scapteriscus didactylus) was found 
in only 3 stomachs, it amounts to 3.04 per cent. Other Orthoptera, locusts 
(Acridide) in four cases and a cricket in one, make up 2.68 per cent. The 
largest item in the animal food, 18.47 per cent, is composed of the cane root- 
boring weevil, present in 29 stomachs. Remains of as many as six were found 
in a single stomach, though smaller numbers were the rule. One of these 
weevils forms a comparatively large bulk and usually they are well broken up, 
apparently before swallowing. The weevil stalk-borer (Metamasius hemipte- 

‘yus), another highly injurious species, was eaten three times and amounts to 
1.53 per cent. Miscellaneous snout-beetles come to 2.4 per cent and were mainly 
coffee leaf-weevils (Lachnopus spp.). Among miscellaneous beetles (4.06 per 
cent) diabroticas (Diabrotica graminea) occur three times and a leaf beetle 
(Cryptocephalus sp.) twice. Metallic wood-boring beetles, whose larve live 
under the bark of decaying trees, were also well represented. Ladybird beetles 
(1.53 per cent), predacious species, were identified four times. Ill-smelling 
squash bugs were eaten 11 times and figure as 3.45 per cent, while Homoptera, 
largely cicadas, make up 2.47 per cent. Two other bugs, predatory species, taken 
by two birds amount to only 0.88 per cent. Moths were eaten by four birds and 
caterpillars by four, and combined these comprise 4.17 per cent of the food. 

Though hymenopterous remains were present in 28 stomachs, they amount to 
only 8.22 per cent. Fragments of bees (2.12 per cent) were identified in four 
stomachs, none of them belonging to the domestic species, so that this large 
flycatcher is vindicated of the charges laid against it by owners of bees. While 
working around the apiary of Sr. Linares, at Lares, a number of clerigos were 
taken and their stomachs preserved. They did not come directly into the bee 
yard, as did the gray kingbirds, but remained in the trees around its border. 
Swarms of bees were continually passing and repassing, and the flycatchers 
were seen darting up among them and snapping up unlucky insects time after 
time. On examining the stomachs of these birds carefully, however, no honey- 
bees were found, the gizzards being filled with the customary food of the bird. 
It has been said that the birds do not swallow bees, but work them through the 
bill to extract the juices of the body and then discard the rest. In extended 
observations, however, I saw nothing of this, and in the well-known feeding 
habits of the bird there is nothing to indicate that this is true. When a bird 
preys upon the vicious social wasp (Polistes sp.), individuals of which were 
identified in four stomachs, there is no reason to suppose that it would reject 
the body of the weaker honeybee because of its sting. 

The little tree toad (Hleutherodactylus sp.) had been eaten by 10 of the 
petcharies examined and forms 8.81 per cent of the total food for the period 
under discussion. As this flycatcher perches constantly among the leaves and 
limbs of living trees, these small batrachians are often seen and devoured. 
Lizards (10.47 per cent), all anolis, were eaten by 18 birds. In consuming these 
vertebrates a small amount of harm is done, but this counts for little when the 
good accomplished in other directions is considered. One bird taken in a man- 
grove swamp at Mameyes had eaten a fiddler crab (Uca pugnax rapazr), and 
the stomach of another contained bits of mollusk shell. These, with a small 
quantity of animal matter which could not be determined, amount to 4.78 per 
cent. 


80 BULLETIN 326, U. S. DEPARTMENT OF AGRICULTURE. 


The following were identified in the petchary stomachs examined : 


CRUSTACBA. | COLEOPTHRA—continued. 
Uca pugnax rapae_—______-_-_--__- 1 | Oryptocephalus sp__--_-____________ 2 
Diabrotica graminea________________ 3 
ORTHOPTERA. LE GERNODUS SD eee ae eek ae CN 4 
Schistocerca columbiana_____--_____~ 1 ee ee ae a So a eae) eae "8 
Scapteriscus, WACACEYUU Sen ee ee OSS p Se ities ane 
HYMENOPTERA. 
HEMIPTERA. 
: Polistes) Spsea2ae 2. Nee eee 4 
PV OONTO MIU ONES ae es ee ee LE NN eee 1 Campsomeris sp_---_-_-_-__-_-_____ al 
Rocconota sp_-_--------_------_-~-- 1 | Gampsomeris dorsata_______________ 1 
Zelus sp ————--- = LS OGY Ter its, 1st te alee ait ian eee, 1 
Nezara sp-————~—-_-______+)____ 1 | Odontomachus hematoda___________ hg b Bel 
Aten Lata VERTEBRATA. 
Coccinella spe = ai 2 ee ee 3 
Cycloneda lumbifer ===> oss sa 1 | Hleutherodactylus sp-—------------_-— 10 
Chrysobothris denticulata___________ 1° Anolis ‘spi 2-S2 22 2 ee eee 17 
ACmeoder a! Speeuce | hes temas upaNe: Et 34) eAnolis: stnatuliseeee a ae eee 1 
PROTUNIUS sS Dis es oe SY ee eee a | 


Vegetable food.—Vegetable matter that may be classed as rubbish amounted 
to 1.96 per cent, and seeds forming 21.13 per cent were found in 36 stomachs, 
or a little more than half those examined. Not so many species are eaten as 
in the case of the gray kingbird and some of the favored species taken by that 
bird are missing in the appended list, notably the moral (Cordia). Berries 
of palms and the fruit of the wild fig and espino (Xanthozylum sp.) were 
well represented, while the others were scattering. None were of the least 
commercial value except possibly the concombre (Cucumis sp.), which every- 
where in the island grows in a wild state. As in the case of the gray kingbird, 

no gravel was found in the stomachs examined. : 

The following seeds were identified in these stomachs: 


Adelia (Adelia sp.) = =--2=2---= 2255 
Nightshade (Solanum sp.)—--~--~---—~ 
Santa Maria (Lantana sp.) ------~—--_ 
Rubiace, ‘Spe 222. = ee 
Camacey (Miconia sp.)----_________ 
Concombre (Cucumis sp.) —----------- 
Composite spi 22 S222 oe ees 


TWIATE GAC RA HSI) ee SI RSLS RC LD a 
Palmo real (Roystonea borinquena) __ 
WAL Gt oe CHM G1 Sass) i 
HCHeEHOPOG ACER BSD es se es 
. Almendrillo (Prunus sp.) —-----__~___ 
Hspino (Xanthoxrylum sp.) _-----____ 
Bejuco prieto (Paullinia pinnata) —__- 


Ooh Hoo oo bo 
Beebe LR 


Summary.—The Porto Rican petchary or clerigo is a beneficial Species in the 
true sense and renders great assistance in suppressing numbers of injurious 
insects. Although a few predacious coccinellids and larger numbers of lizards 
and tree toads are eaten, the weevils, bugs, miscellaneous beetles, changas, and 
other Orthoptera destroyed show a large balance in favor of the bird. 'The 
bird has been accused of damage by owners of apiaries who believe that it eats 
many bees. This charge, however, is entirely unsubstantiated, though a num- 
ber of birds were collected in the immediate vicinity of bee yards. In an 
island where large insectivorous birds are few this bird is one of the most bene- 
ficial of the native species and should be protected by all. The good that it 
does is not limited to the coffee plantations, in which it chiefly resides, as 
many of the weevils taken are serious pests in cane fields and elsewhere, The 
bird is beginning to appear in the more open cultivated lowlands, and if undis- 
turbed in its chosen haunts in bamboos and mango trees should increase in num- 
bers. Further plantings would tend to encourage it in the pastures, 
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ANTILLEAN FLYCATCHER. Myiarchus antillarum (Bryant). 
JUl. 

The Antillean flycatcher is a common resident on Porto Rico and Vieques, be- 
ing evenly distributed but nowhere abundant. On April 6 and 20 their unmis- 
takable notes were heard in the dense thorny forest growth on Punto Soldado, 
Culebra Island. As they have not previously been recorded from this island it 
is unfortunate that no specimens were secured. The birds are found in coffee 
plantations, in small patches of second growth along hedgerows, brush-filled 
ravines, or, where cover is near, even along the borders of cane fields. On El 
Yunque they occurred up to 1,800 feet altitude. In their habits they are very 
quiet and unassuming and may easily be overlooked. An open perch is usually 
chosen from which the birds may watch for insects, aS in a small opening in 
the forest or along the border of a coffee plantation, though the perch is often 
in the dense leaves in the tops of trees. Insects are captured on the wing, and 
berries are occasionally eaten. In general appearance, habits, and notes the 
birds markedly resemble the western wood pewee. During the latter part of 
April and May birds were seen inspecting nesting holes, though no nests were 
found. July 5, along the Rio Guajataca, near Quebradillas, a party of three 
young, just out of the nest, was observed, and after this date young were com- 
mon. Near Bayamon they were found in the citrus groves. By the supersti- 
tious countryman the note of the jui is regarded as the forerunner of news, and 
whether this be good or bad the bird gets the credit for it. 

Food.—In 40 stomachs of the Antillean flycatcher, representing the months 
from December to August, animal food forms 84.17 per cent and vegetable 15.83 
per cent. Hemiptera, weevils, and caterpillars comprise the bulk of the animal 
food with Hymenoptera in lesser quantities. The vegetable food, less in amount 
than in the two birds last described (Tyrannus d. dominicensis and Tolmarchus 
taylori), is composed mainly of seeds of wild fruits or berries. 

Animal food.—Fragments of the mole cricket (Scapteriscus didactylus) (1.27 
per cent) were found in three stomachs. As the birds are found occasionally 
watching for prey from low perches bordering the woodlands or even near 
eane fields, they have opportunity to destroy numbers of the changa. Other 
orthopteran remains (3.97 per cent) were found in seven stomachs. Grass- 
hoppers and locusts are represented, and odd long-bodied walking sticks 
(Phasmidz) were eaten twice. Homoptera, largely cicadas (Proarno hilaris), 
with a few fulgorids, figure as 7.67 per cent, and stinkbugs in six stomachs come 
_ to 2.33 per cent. Other bugs (all Heteroptera) amount to 2.62 per cent. 

Among beetles, the longicorns in 11 stomachs make up 1.7 per cent, and leaf 
beetles (Chrysomelids) eaten by the same number of birds amount to 1.4 per 
cent. Among these are diabroticas and a corn leaf-eating beetle (Myochrous 
sp.). Another small chrysomelid (Cryptocephalus sp.) was found in six 
stomachs. The cane root-boring weevil, though represented in only five 
stomachs, amounts to 11.22 per cent. Other scarred-snout beetles, which were 
largely made up of the coffee leaf-weevil (Lachnopus sp.), identified seven times, 
come to 5 per cent. Additional weevil remains make up 3.09 per cent. Mis- 
cellaneous Coleoptera (1.04 per cent) include a bean weevil (Zabrotes sp.) and 
several darkling beetles (Helops sp.). Caterpillars, represented in 14 stomachs, 
and a few fragments of adult Lepidoptera together comprise 25.85 per cent. 
Diptera (1.45 per cent), almost entirely disregarded by the gray kingbird and 
petchary, were recognized in five stomachs. 

Hymenoptera (10.51 per cent), a constant element in the food, were found in 
20 stomachs, or half those examined. Individuals of wild bees occurred five 
times, but there was no trace of the domestic species. Wasp remains were 
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found in three, an ant in one, and in another a small hymenopteran parasitic 
on ants (Kapalasp.). Less than half those consumed can be called beneficial. 
One bird had eaten a lizard and one a tree toad, together forming 1.07 per 
cent. Snails were found in two stomachs, a dragon fly in one, a neuropteran in 
one, and some insect eggs in another. These miscellaneous items total 3.98 
per cent. 
The following were identified in the stomachs examined : 


ORTHOPTERA. COLEHOPTHRA—continued. 
Neoconocephalus sp ~—--------------~- 1 
: 5 FT CLO DSHS ee IAs. Ree Sate See 4 
Scapteriscus didactylus ____-_---_--- 3 Lachnopis anne eels ae + 
HEMIPTERA. Diaprepes spenglert 2-22 2 5 
EVORTD® at Rip rrerk Tmanen Te Si eet ee t HYMBPNOPTHERA. 
JEXROOU HOO! UGUOTRU Sax 4 
ORMUCTIUS SD ee ee er eye De 1) “Kapala. spi22e= eee ne eee 
NICZOTG: SDs Oe ee UAE ERE een Le EO GLOD STS 1S pe neo ne il 
Thyanta isp 2e22u 20 Sele eee Le Polistes (speek SES eee ee eee a 2 
SOROERERA. lis Nsercinet a=. = eee 1 
ACINGOCERG SD ye ee ee eee a Be MOLLUSCA. 
Houria sp------------------------- LT Sbulina ‘Sp oc oe eee eee 1 
Compsavspis2 Bt ee eee ee eee 2 
Leptostylus sp-—------=—=_ === === 2 VERTHBRATA. 
Cryptocephalus sp-—---------_____-__ 6 
NMGOCHROUS MSD ys eee 1 | Hleutherodactylus sp --------------- 1 
Dinbroticasspeseue so) oad eee 2 | Anolis sp ------------------~------ 1 
Zaorotes SpLlsen Bete ee Se see 1 


Vegetable food.—Of the vegetable food 1.94 per cent may be called rubbish 
and the remainder, 18.89 per cent, is composed of seeds, usually with. a little of 
their pulpy exterior accompanying them. One bird had eaten 36 grass seeds 
(Paspalum sp.), but this is apparently an unusual food. The espino (Xanthoxry- 
lum sp.), a favorite, was found seven times. Others recognized were the moral 
(Cordia sp.), nightshade (Solanum sp.), and wild fig (Ficus sp.). 

The seeds in the following list were identified in the stomachs examined: 


Paspalum (Paspalum sp.) ----------- 1 | Espino (Xanthozylum sp.)_-------_~- q 
Wilde ier (hicus sp) =2s— =e ee 1 | Nightshade (Solanum sp.)----_-_--_ 2 
Chenopodacerrsps =e a et eee 2e\eMoral:  (Oordiaiesp ae ae ee eens 2 
etch. @iiciausp) =e eee 2 


Summary.—The vegetable food of the jui may be dismissed with the state- 
ment that it is composed of wild species of no importance to man. In the animal 
matter, Hymenoptera, the large family containing wasps, bees, and many para- 
sitic species, stand out rather prominently, but as more than half of those taken 
are known to be neutral, their destruction is of little importance. The vertebrates 
destroyed are of value to man, as they aid in the war on insects. Some of the 
predatory bugs may also be considered beneficial. These, however, though long 
in enumeration are small in bulk compared with the great mass of destructive 
weevils, beetles, squash bugs, and others forming the average daily food of the 
Antillean flycatcher. Only one-eighth of the animal food may be considered 
more or less indirectly beneficial to man and agriculture, and the remaining 
seven-eighths consists almost entirely of animals living contrary to human in- 
terests. Thus this species is a firm ally of agricultural interests in Porto Rico. 
Though retiring in habit, it is more common than is supposed by the casual 
observer and its whistled call note, regarded with superstition by the country 
laborer, may always be considered an omen of good fortune. 
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PORTO RICAN WOOD PEWEE. Blacicus blancoi Cabanis. 
Bogiro, Jui, Jur Puqupno. 

The bobito, or wood pewee, is a tolerably common resident species in the west- 
ern portion of Porto Rico. It is not recorded from the eastern half of the island 
beyond a line passing through Salinas, Aibonito, and Ciales. This bird fre- 
quents coffee plantations, small patches of second growth, or on the south coast 
the dry brushy pastures, but very few even of the country people are familiar 
with it, as it is so inconspicuous that it would be overlooked by one not acquainted 
with its habits. In the coffee plantations it is found on the slopes about the 
heads of small gullies, or on the middle portion of long, steep slopes. It usually 
selects open perches on dead limbs not far from the ground, from which it makes 
short sallies after insects. The call note of the males, a low tremulous pree-e-e-e 
given at times, with trembling wings, can not be heard more than a hundred 
yards, and is so ventriloquial that neither its direction nor the distance from 
which it comes can be determined. Frequently a bird will call from a perch 
not 30 feet away for several minutes before it is seen, so still does it sit and 
so well do its colors harmonize with the background. The females are silent, 
usually appearing suddenly on a limb, and without doubt are often overlooked. 
The breeding season is in May, though no nests were found, and in July and 
August the birds were molting badly. Near Cabo Rojo they were found in the 
mangroves bordering the seacoast lagoons, but nowhere else did they approach 
so close to the ocean. 

Food.—The Porto Rican wood pewee is a true flycatcher, as in 29 stomachs 
taken in February, May, June, and August 99.17 per cent of the contents was 
animal matter and 0.83 per cent vegetable. The vegetable matter was contained 
in a single stomach taken May 1, 1912, near Salinas, and consisted of seeds of 
the espino (Yanthoxylum sp.). Of the animal food, Diptera and Hymenoptera 
form the largest elements, though many beetles are taken. A cricket (Orocharis 
sp.) was found in one stomach and amounts to 0.56 per cent. Homoptera (5.39 
per cent) are composed largely of lantern flies and tree hoppers, though one 
bird had discovered a cicada. Other bugs (Heteroptera), all so broken or frag- 
mentary as to be indeterminate, with the single exception of one stinkbug 
(Pentatomidz), were found in three stomachs and amount to 1.45 per cent. 
Leaf beetles (3.19 per cent) were encountered in 10 stomachs. A small species 
of uncertain habit (Cryptocephalus sp.) was identified six times. Ladybirds 
(Coccinellide) (38.87 per cent) appeared in five stomachs; they are usually 
predacious species and are the only beneficial beetles taken. Those eaten are 
all native forms, none of the species recently introduced to combat the mealy 
bug in cane fields being found. An engraver beetle (Platypus sp.) (8.86 per 
cent) was identified in nine stomachs. These are common about coffee planta- 
tions in many localities, and as many as 48 were found in a single stomach. 
Other weevils, found in nine stomachs, amount to 1.84 per cent, among which 
was a curculio (Anthonomus sp.). Coleoptera not included above come to 2.48 
per cent, among which were a water scavenger beetle, click beetles (JZono- 
crepidius sp.), several longicorns, darkling beetles, and others. ‘The beetles 
eaten, though nearly all small, cover a wide range of families and are largely 
injurious species. 

Moths are represented in eight stomachs and a caterpillar in one, together 
forming 10.87 per cent. The former figure more extensively in the food of this 
bird than in any of the flycatchers previously mentioned and show that active 
prey is watched for and captured on the wing, the slower-moving caterpillars 
being unnoticed. 

Of the total food, 23.07 per cent is composed of Hymenoptera, large numbers 
of which are parasitic species. Representatives of this order were found in 
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17 of the 29 stomachs examined, and among them fragments of three ichneumon 
flies and remains of several bees were identified. They are only exceeded in 
bulk by flies (37.15 per cent), which were eaten constantly and were present 
in 23 stomachs, in some cases comprising as much as 85 per cent of the bulk. 
Miscellaneous matter, consisting of a spider, a snail, and an earwig, amounts 
to 0.49 per cent. 
The following insects were identified in the stomachs examined: 
/ 


ORTHOPTERA. COLEOPTERA—continued. 
OVOCHONIS \wSP2o = ee ee 15). Mordellausy:-2- = ee ee ee 1 
ANtNONOMUSESD = S22 ee ae eee at 
HEMIPTERA. PUCty DWSESD ren a 9 
COT TIL CIUES SSO Se re eee eee il DIPTERA. 
Rethigonia “Spee 3-22 eee ae 1 Psilopus:. 5p 2a ees Be 1 
ETI AEE Volucella sp-----»-----------___--- 1 
SOPCOpLOgG.) Spe eee 1 
Capeclitus sispeos) ise os Saree Se 22) Lue “Sp 2 ee SRE ee pees Ne 2 
Cycloneda, imbifer, —-— === * _ 2 3 «| Pyrellio “viclaccas. 282s eee a ili 
SCYUMNUS. TOSCICOVNS= a ee 1 |, LUcestGe Spo pe Fol deet Are ee 1 
CUT IVIUL AES (SS oe meen ee 1 
Monocrepidius sp 2 2 HYMENOPTERA, 
Chrysovothnis’sp==— Ss ae ee 2° Polistes* spite se See aes ae eee 2a 1 
LCM G (SP jo sees Nase el ee ape 1) Hromalopsisesp =3- 222 eee 1 
Cryptocephatus sp==- see G | -Holictus sp 225-322-223 See eee ith 
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Summary.—Though not large enough in body to cope successfully with the 
’ larger insect pests of the island, the Porto Rican wood pewee aids effectively 
in destroying smaller species, some of which are known to be injurious, while 
‘others may prove upon investigation to be of more importance than is believed 
at present. Some harm is done in the destruction of the parasitic Hymenop- 
tera, which are inevitably snapped up by any true flycatcher continually on the 
watch for winged prey, but these are counterbalanced by injurious species of 
small Homoptera, moths, weevils, and other beetles as well as the flies de- 
stroyed. From its unobtrusive habits this pewee attracts little attention, but 
_ should be protected wherever found. 


ANTILLEAN ELAINEA. Hlainea martinica martinica (Linnzeus). 
RUISENOR PEQUENO. 

The small flycatcher, known as the Antillean elainea, has not previously been 
recorded from this region, but was found to be tolerably common on the south 
side of Vieques Island from Porto Ferro east, on Culebra Island, and also on 
Culebrita Island and Louis Pefia (Southwest Cay). It would appear to be a 
summer visitant, as it was not noted on Vieques until March 25, but after that 
time it was fairly common. All the birds taken appeared ready to breed. It 
is a solitary species, individuals being found considerable distances apart, in 
dense, almost-impenetrable thorny growths of cactus and small trees. In 
habits it combines the characteristics of flycatchers and vireos. 

Food.—In 10 stomachs of this species taken in March and April animal food 
-amounts to 14.5 per cent and vegetable to 85.5 per cent. 

The only animal food taken at all regularly consisted of spiders (2.4 per 
cent), found in three stomachs. One bird had eaten a large caterpillar and 
another two weevils. In one stomach was a leaf beetle (Cryptocephalus pusio) 
and in others bits of an earwig and a ladybird beetle (Cycloneda limbifer). 

In eating so much vegetable food (85.5 per cent) the elainea differs markedly 
‘from our northern flycatchers, none of which approaches it in this respect at any 


BIRDS OF PORTO RICO. 85 


season. It is very probable, as our knowledge of the food of tropical and sub- 
tropical forms of this large family increases, that numbers will be found to 
be almost wholly vegetarian in their diet. Certainly this seems to be the case 
with the species under discussion. Three stomachs were filled entirely with 
seeds and drupes and in all but one these formed much the larger share. ‘The 
seeds of the family of euphorbias were sought for, and a nightshade (Solanum 
sp.) occurred three times. Several species found were indeterminate, but 
apparently all were eaten for the soft outer covering, the seeds being regur- 
gitated. 

The vegetable food of this species is not of importance, and what animal mat- 
ter is taken is nearly all injurious to agriculture, so that wherever it occurs the 
elainea may be considered a beneficial species. 


[TREE SWALLOW. Iridoprocne bicolor (Vieillot). 
GOLONDRINA, 


Gundlach (1878, p. 199) says that he did not observe the tree swallow in Porto Rico 
but records it from a picture seen in the album of Bello. Stahl (1883, p. 61), probably 
following Gundlach, remarks only that it is a rare migrant, so that, without definite 
specimens on record, it can be included only as a hypothetical species.]} 


BARN SWALLOW. JHirundo erythrogastra Boddaetrt. 
GOLONDRINA. 

Of the barn swallow Gundlach (1878, p. 197) says that it arrives from the 
north in September and passes on southward. A single bird was seen during 
the present work on February 16 near Punta Picua, north of Mameyes. It 
would seem to be an irregular visitant during spring and fall migrations. It 
is a member of a family whose species are entirely beneficial in their habits. 
During its brief stay on the island, it will probably be found only in the 
lowlands. 


[BANK SWALLOW. Riparia riparia riparia Linneus. 
GOLONDRINA RIBERINGA. 


The bank swallow also is recorded by Gundlach (1878, p. 199) on the basis of a picture 
seen in the album of Bello, and later records are apparently based upon his statement. 
. It may occur as a rare migrant from the United States, but must at present be included 
only as a hypothetical species. ] 


JAMAICAN CLIFF SWALLOW. Petrochelidon fulva peciloma (Gosse). 
GOLONDRINA, GOLONDRINA DH CUBVAS. 

The Jamaican cliff swallow is a common resident species in Porto Rico, being 
most abundant on the western end of the island. A small number were observed 
at Humacao, but on the east coast few were noted, and none were seen on the 
south coast east of Salinas. For the most part confined to the coast region, they 
were found inland only in the northwestern portion extending from Lares 
through Utuado to Ciales. This small species occurs ordinarily in small parties, 
feeding above pastures, lowland meadows, or along the beaches. On the wing 
it is light and graceful and when feeding the flight is very uncertain, the bird 
frequently changing its direction. In August little bands of 25 or 30 fed over 
the lowlands and perched close together in twittering flocks on telephone wires. 
During heavy rainstorms they seemed to have a hard time keeping up against 
the downpour, as they continually struggled to rise and were as steadily beaten 
down. Such storms would, without doubt, prove fatal to birds not long out of 
the nest, with the flight feathers still soft and undeveloped. 

This species breeds in colonies in May and June, and nests on overhanging 
faces of cliffs or in caves, a practice so universally recognized that ‘‘ La cueva de 
las golondrinas”’ is a common appellation given to caverns in Porto Rico. In 
these a mud rim, made of pellets carried in the bird’s mouth, is thrown up on the 
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outer edge of small shelves or holes and behind this is placed a felted mass of 
plant downs from cactus and other plants to receive the eggs. From fragments 
of shells examined the eggs appear to agree closely with those of P. lamifrons, 
being white, spotted with reddish brown and lilac. North of Aguadilla about 
40 pairs were nesting in small caves in cliffs over the ocean, some only 20 feet 
above the waves. All nests were back in holes, and the birds circled about call- 
ing excitedly in a close flock before the entrance, flying up two or three at a 
time to hover before them for an instant. There must be a great mortality 
here among the young, as there is no place for them to go on leaving the nest 
except out over the waves, and it was some distance to safety at the top of the 
cliffs. Hast of Lares in ‘“‘La Cueva Pajita,” a grotto 200 feet long and open at 
both ends, was a colony of about 300 of these swallows, some of them near the 
entrance, while others had built in so far that in the obscurity the birds could 
not be distinguished from the large bats that circled about with them. Some 
of the ledges supporting nests were so narrow that the sitting bird was forced 
against the wall, greatly abrading the breast feathers. As these abrasions occur 
only on one side, the bird must always have faced the same way while on the 
nest; both males and females incubate, as these were observed in specimens of 
both sexes. About this colony on June 20 immature birds were seen on the 
wing, following the parents and teasing for food, while others were still nest 
building. When tired the young birds perched in the leafy tops of trees. 

A few of these swallows appear to be changing their nesting habits and 
method of nest construction by taking advantage of shelters provided by man. 
Inside the train shed of the Linea Ferrea del Oeste at Bayamon was a small 
colony building against the rafters, and one pair had built on a beam in the 

. gable of a neighboring hotel. The nests were globular in shape, only two being 
seen with the long bottle neck found in the nest of P. lunifrons, and those two 
were imperfect. Most of these nests had only a large, roughly circular entrance 
in the side, and a few were mere platforms of mud, hardly inclosed. 

The ordinary note of this swallow is a soft chu chu, and the males have a 
chattering, twittering song given while flying. 

Food.—Thirty-six stomachs of this swallow were examined, taken in De- 
cember and in the five months from April to August. The greater number were 
secured in the western part of the island. In these, animal food forms the entire 
content, as might be expected from observing the habits of the bird, vegetable 
rubbish occurring in one stomach only, and then in such small amount as to be 
inappreciable. Although true bugs (Hemiptera) and flies form goodly items, 
the major share of the food is taken from the great army of beetles especially 
common in tropical and subtropical regions. 

Orthopteran remains found in a single stomach taken in July form 1.39 per 
cent of the total. Lantern flies (Fulgorid#) in 11 stomachs amount to 3.47 per 
cent, and small species in allied families, with similar injurious habits, among 
which may be mentioned jumping plant lice (Psyllide), come to 1.08 per cent 
more. Stinkbugs (Pentatomidz) occurred 16 times and figure as 7.63 per cent. 
Most of them were eaten in June, and bugs of this family amount to 22.58 per 
cent in that month. Bugs of the chinch-bug family (Lygseidse) and others not 
determined come to 3.25 per cent. 

Among the leaf beetles (Chrysomelidx), which form 8.06 per cent and which 
were recognized in 22 stomachs, were the tobacco leaf-heetle (Hpitriz parvula), 
found four times; the bean leaf-beetle (Cerotoma denticornis), likewise found 
four times; and a flea beetle (Systena basalis), found seven times. Other 
species were tdrtoise beetles (Coptocycla signifera), which attack the leaves of 
the sweet potato, and a leaf eater (Myochrous sp.). Leaf beetles belonging to 
the genus Cryptocephalus were found in 15 stomachs. Engraver beetles {Platy- 
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pus sp.), eaten by 29 of the birds, amount to 41 per cent of the food for the 
period under consideration. They are found in the food of all the months 
represented except December, though in July they amount to only 2.17 per cent. 
As many as 400 of these beetles were eaten at a single meal, and several birds 
had taken 200 or over. Near Aguadilla, in June, the swallows were capturing 
large numbers for their young, carrying them in the back of the mouth and below 
the tongue in a well-moistened mass. Other snout beetles amount to only 1.19 
per cent, but were all small species. Cane shot-hole borers (Xyleborus sp.), of 
considerable damage in cane fields and also known to injure the shade trees of 
the coffee (Inga vera and J. laurina), were found in seven stomachs. Few 
beneficial species were destroyed. Rove beetles (Staphylinidse), which feed 
upon decaying vegetable and animal matter, were eaten nine times, and lady- 
bird beetles four. Together these form but 1.81 per cent, a small amount when 
compared with the large bulk of snout beetles consumed. Sap-feeding beetles 
(Nitidulids), eaten by eight birds, and water scavenger beetles, detected in five 
stomachs, together with indeterminate fragments of others, make 4.77 per cent. 

Flies (16.07 per cent) were eaten regularly and occur in 20 stomachs; ants in 
17 stomachs amount to 9.13 per cent. The latter were taken from clouds of 
males and females on their mating flights, and the numbers then destroyed 
mean more than when individual workers are eaten, as each queen may be con- 
sidered the nucleus of a new colony. Miscellaneous Hymenoptera make up 2.67 
per cent. A moth was found in one stomach. The stomachs of two adults con- 
tained bits of snail shell and gravel, and the stomach of a nestling taken in a 
cave contained a rough angular bit of gravel of good size. Very few beneficial 
insects are taken, the great bulk of the food consisting of directly injurious 
species. As the birds feed in loose flocks over a large expanse of territory 
they must exert considerable influence where found, and where insects are 
abundant they congregate to feed upon them. 

From the foregoing it can readily be seen that the cliff swallow is one of 
the best friends of the agriculturist. Should the bird modify its breeding habits, 
as it now does in a few places, so as to resort to buildings erected by man 
rather than to caverns, every encouragement should be offered it and the nests 
should in no case be molested. Many believe that swallows bring vermin in 
their nests, but it is firmly established that man’s parasites are not borne by 
our avian friends, and in case of unwelcome visitations the blame must rest 
elsewhere. 

The following insects were identified in the stomachs examined: 
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CARIBBEAN MARTIN. Progne dominicensis (Gmelin). 
GOLONDRINA, GOLONDRINA DH IGLESIAS. 

The Caribbean martin is a common summer resident in all parts of Porto 
Rico and occurs also in the island of Vieques. ‘The first were seen at Cayey 
on January 23, and after this they were common everywhere. On August 16, 
while on the summit of the range above Adjuntas, martings were heard con- 
tinually so high overhead that they could not be seen, and occasionally three 
or four would sweep down over the slopes for a few minutes. These were evi- 
dently migrant, as they were working steadily southward, though at this date 
in some localities martins were still feeding young. Stahl (1887, pp. 450, 451) 
says that they arrive regularly from the end of January to the first of Febru- 
ary, and gives December 23 as the earliest date in eight years’ observations. 
On the wing they are strong and vigorous, Sweeping about in large circles, chat- 
tering, and calling loudly. The greater number remain close about the towns, 
perching on wires and roofs of houses, and feeding high overhead. Sometimes 
parties play about the mouths of lagoons and rivers, frequently darting swiftly 
down at a boat in the water, and then rising abruptly, only to repeat the per- 
formance. On cold rainy days they follow cattle in the pastures for the insects 
they frighten up, or for flies drawn by them. At Cabo Rojo a parrot in a cage 
screaming and talking interested the martins greatly. Four or five gathered 
on a wire above it, peering down, twittering, and lifting the wings nervously 
until, at some piercing shriek, they left precipitately. 

This species was apparently mated when it arrived, and began at once to in- 
vestigate holes in the church towers and eaves of buildings, with much calling 
and warbling. In the wilder localities a few sought their ancient nesting sites 
in hollow trees, though the greater number nest in the towns. Near Mameyes 
a male was seen disputing with a woodpecker the possession of a hole in a coco- 
nut palm, and a number were nesting here in suitable localities. On the estate 
known as Manantial, north of Guanica, about 30 were nesting in small openings 
in the sides of an old brick chimney 75 feet high, and birds were found occupying 
holes in trees near the Hacienda Catalina, and along the Rio Guajataca near 
Quebradillas. They were observed carrying nesting material as early as the 9th 
of February, but nest building seemed to be rather a dilatory process, and eggs 
were apparently not deposited before the 1st of May. The first young seen on 
_the wing were observed at Comerio July 27, but fledglings were still being fed 
in the eaves of a church at Cabo Rojo the last of August, though apparently 
some of the earlier nesting birds had left the island. Only one brood seemed 
to be raised. 

Food.—Twelve stomachs of the martin were examined, taken in the months 
of February and May. These contained animal matter only and usually were 
well filled. Though this small number can not serve as a true index to the food, it 
gives an idea of the tastes of the bird. A large number of stinkbugs were taken 
by nine of the birds, and for the two months amount to 24.17 per cent. Beetles 

(7.83 per cent) also were present in nine stomachs. Among injurious species 
were leaf beetles, flea beetles, and a small quantity of weevil remains, while others - 
in the list following are of unknown economic tendencies in the Porto Rican insect 
fauna. Remains of flies, mainly so badly broken as to be indeterminate, come to 
26.42 per cent and Hymenoptera to 33.41 per cent. The great bulk of the latter 
was wasps, only a few parasitic chalcids being found. Dragon flies (8.09 per 
cent) in five stomachs are the only beneficial insects taken in quantity. One 
bird had secured a small cricket (Hllipes minuta). 

The martin is without doubt a beneficial species and one to be protected. A 
few parasitic Hymenoptera are consumed and a little more than 8 per cent of 
the food is made up of dragon flies, which destroy many mosquitoes, but 
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these are balanced by the larger numbers of stinkbugs and flies eaten, not to 
mention many beetles. At Maricao, in the first days of June, thousands of the 
destructive termites or white ants were flying in the evenings and in the 
dusk a dozen or more martins circled back and forth through them, eating until 
they were satisfied. These insects feed upon wood and are very destructive, 
honeycombing the walls and floors of houses, and building enormous nests in the 
forests with covered passageways leading up the trunks of trees; thus in eating 
these the martins do good service. Apparently no attempt has been made 
to provide these birds with artificial nesting boxes, but there is no reason why 
this plan should not prove successful and permit the species materially to in- 
erease in numbers. At present the nesting sites suited to their needs are few. 
The following insects were identified in the martin stomachs examined; 


ORTHOPTERA. COLEOPTHRA—continued. 
TOTS GES Oo) OCALA ea ae Ee 1 inOnypLocephaurs) (splat eae Shee ee 1 
RMBIDROTUS SP ase. Be Es 1 
HEMIPTERA, COTO DW AUST AS Pe ee eee 1 
LUO) ($V. ee ee ee ee 1 DIPTERA. 
RRUVOQHEG: DEnQILOT = ane oe a ib 
LORIE HAD KAG DG 4 
COLEOPTERA. Compsomyia macellaria _-.______-___ 2 
Tropisternus collaris____-___________ 1 HYMENOPTERA. 
Hyperaspis apicalis____- += 1 ; 
Carpophilus hemipterus__-___-___----~ 1 | Chatlcis Si) eee ae ee 1 


PEARLY-EYED THRASHER. WMargarops fuscatus fuscatus (Vieillot). 
ZORZAL, ZORZAL PARDO, ZORZAL DE LOS PALMARES, ZORZAL NEGRO, TRUCHE. 

The pearly-eyed thrasher is a resident species in this region. On the smaller 
islands it is very common, but shy and usually hard to secure, as it lives in the 
densest growths of brush, creepers, and cactus. In following the trails I would 
see one dart across ahead of me or fly up from the ground at one side, to be lost 
immediately. In habits it is remarkably thrushlike. 

These birds are very curious, and were attracted by ‘‘ squeaking,” while the 
outeries of other birds always drew them. When singing they were easily 
approached, as with wings and tail hanging they sat on a limb, usually hidden 
by leaves. The song resembled the syllables wheur, tel leur, tsee, given brokenly 
with many variations, so that, while the notes themselves were pleasing, the 
whole effect was disconnected and rambling. The birds sing by the hour, and 
the monotony and persistency of the sounds become in time rather wearisome. 

Food.—In 38 stomachs of this large, robust thrasher animal matter amounted 
to only 12.81 per cent, while vegetable food reached the large sum of 87.19 per 
cent. The animal food is scattering, being apparently whatever attracts the 
attention of the bird, nearly all of the insects taken being of large size. One 
bird collected on Culebra Island April 10 had eaten the nymph of a mole cricket 
(Scapteriscus didactylus). Other orthopteran remains (2.75 per cent) were 
found in six stomachs and among them may be noted a walking stick (phasmid) 
and a grasshopper (acridid). Weevils (1.386 per cent), occurring four times, 
included the cane root-borer (Diaprepes spengleri), a curculio, and others. 
Spiders (2.63 per cent), conspicuous in the fauna of the dry islands where the 
thrasher is most common, were eaten seven times. ‘Two birds taken in the coast 
region had captured crustaceans, one of which was a fiddler crab (Uca pugnar 
rapar). The birds were seen a time or two in the mangroves peering down with 

_great interest at the army of crabs marching about beneath them. Vertebrate 
remains, a tree toad and two lizards (Anolis sp.), amount to 1.45 per cent. 
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Besides these a caterpillar, a stinkbug, two earwigs, an ant, and a neuropterous. 
insect were identified. 

The vegetable food is mainly wild fruits or berries, though some of them have 
but little pulp surrounding the seeds. The seeds are in most cases regurgitated, 
as no trace of gravel for grinding them up and fitting them for digestion was ~ 
found, though some were soft enough to be broken up by the stomach alone. 
Berries of palms were favorites and fruits of various shrubs of the family 
Rubiaces were eagerly sought. The espino (Xanthoxylum sp.) and berries of 
a palm (Coccothrinag sp.) were each found five times. A few of the seeds 
identified (Hypoxis sp. and Sida sp.) do not come in the category of fruits and 
berries, but with small quantities of vegetable rubbish may have been taken acci- 
dentally. None of the vegetable food consumed has any value to man, while the 
insects taken, though small in bulk, are of considerable economic importance. 
Thus the bird may be classed as beneficial. Hunting it for food should be 
prohibited, both because the bird is useful and because the hunter in pursuit of 
small birds does not always distinguish between species but kills indis- 
criminately. 

Following is a list of the seeds identified in the stomachs examined : 


Palmo (Coccothrinagv sp.) _________- 
Palmo real (Roystonea bovinawene): Heme 


Duala Adeliay (CAM elsaUsp) ee ee ; 
2 | Nightshade (Solanum sp.) _—----_____- 
Star grass (Hypowis sp.) ----_--_____~_ 1 Moral X(Condia spy) ee eee 
Phy tolaccacesisp is. 2 | Tantillo (Randia aculeata)__________ 
Espino (Xanthozylum sp.) ---~------ 5 | Balsamo colorado (Hamelia patens) _- 
Jatropha (Jatropha sp.) —~--_______~ 1 | Bejuco de berac (Chiococca alba) _—~-- 
Bejuco prieto (Paullinia pinnata)____~ 1 | Palo moro (Psychotria pinularis) —--- 
TScoba (Sid GssSD.) eee eee 2 


bo bo ts bb bo 


JAMAICAN MOCKINGBIRD. Mimus polyglottos orpheus (Linneus). 
RvuiIsENor, SINSONTE. 

In Porto Rico mockingbirds are common residents in the lowlands, only a few 
heing seen above 1,000 feet elevation, though they were found in open pastures 
at the highest points visited ; for example, near Aibonito, and on Mount Pelado 
above Cayey. They seem to thrive best in a dry climate, and are most abundant 
along the south coast, while on Vieques they are very common. As usual, these 
birds frequent the tree-dotted pastures, hedges, and thickets, though near 
Guanica they are common through the open cane fields, feeding on the ground in 
newly plowed lands, and following the fences through the cane, where there is no 
cover whatever. When flushed in the open fields they fly only short distances 
before dropping back to the ground. They are common also in the citrus groves 
around Bayamon and Manati. 

In pastures and thickets they are shy and secretive, though the males, singing 
from the top of some tree or bush or flying up a few feet and then dropping 
back, are a conspicuous feature in the landscape. They sang most from Janu- 
ary until July, after which they were silent except for their scolding notes. 
The nesting season extended from January until June, and after that young 
were common. In July and August they were molting. Nest building was 
noticed near Caguas January 5, and young birds a week old were found on 
Vieques Island April 3. Near Mameyes in February nearly all the birds noted 
were incubating. One pair here, by their outcries, drew attention to a small 
owl hidden in the brush. 

In all the towns visited mockingbirds were prized as cage birds, and taking 
the young birds from the nest was a common practice. Usually they were 
taken when quite young, and their cages ‘hung out in the bushes, where the 
adults could feed them. Fine singers among the males were valued as high as 


BIRDS OF PORTO RICO. 91 


$10 or $15. In the country one was occasionally seen in a rude cage made of a 
large calabash, with string laced across the opening to prevent escape. 

Food.—In 49 stomachs of the mockingbird animal matter forms 31.21 per 
cent and vegetable 68.79 per cent. The birds were collected in all the months 
from December to August save June and are quite evenly distributed through 
the region under consideration. The smallest quantities of animal matter are 
found in January and April, 8.5 per cent and 8.14 per cent, respectively. Lepi- 
doptera, largely cutworms, and Orthoptera compose the bulk of the animal 
matter and the vegetable food is made up of wild fruits and berries. The 
relative proportions of animal and vegetable food are practically identical 
with those found by Prof. Beal in the examination of a large series of mocking- 
birds from California. 

Ammal food.—Kive of the mockingbirds examined had eaten mole crickets 
(Scapteriscus didactylus) (3.62 per cent). Mention has been made of this 
bird’s habit of feeding at times in cultivated fields far from its usual cover, 
and it is undoubtedly during such forays that these injurious insects are cap- 
tured. Other orthopterous remains in 11 stomachs (4.84 per cent) are less 
important than the mole cricket, but in capturing them the bird does good 
service, as all are more or less injurious. The first mockingbird collected, taken 
at Rio Piedras in December, had eaten a cane root-boring weevil (Diaprepes 
spengleri), but this insect was not identified in stomachs subsequently secured. 
This with other weevils, among which was a coffee leaf-weevil (Lachnopus sp.), 
in four additional stomachs comprise 1.62 per cent. Other beetle remains (2.06 
per cent) are all injurious species with the exception of two ground beetles 
(carabids). Among these others may be mentioned a leaf beetle (Cerotoma 
denticornis) and a tortoise beetle (Coptocycla signifera), while one bird had 
captured two wireworms, the immature form of the click beetle. Remains of 
Lepidoptera, moths in 2 stomachs and caterpillars in 19, come to 12.4 per cent. 
The latter in at least five instances were cutworms, several being found in a 
single stomach. These are destructive wherever found. Hymenoptera, largely 
ants, form 1.85 per cent. A few chalcid flies in one bird were the only bene- 
ficial species identified. Six birds had eaten spiders and one a mite, which 
amount to 1.11 per cent. Miscellaneous matter, mollusks, a biting bird louse 
(Mallophaga), and earwig remains figure as 2.15 per cent. Stinkbugs, which 
were secured four times, amount to 0.93 per cent. 

The following insects were identified in these stomachs: 


ORTHOPTHRA. COLHOPTHRA—continued. 
PPICCELOUCTLIG SDi == i | Cerotoma denticornis)——- 22 ee 1 
Homorocorypnwus Sp 2-2-2 2 2a et i |) Coptocyciansigmperds se ee 1 
Scapteriscus didactylus = --______-__- 5) Diaprepes) spenglert === se ae 1 
LL OCRNO PUSS) Sea ee 1 
HEMIPTHRA. 
HYMENOPTERA. 
ROQUE GSD ett ees eee ee ee ee pee oe 1 
Campsomeris dorsata ______________~ Ht 
COLEOPTERA. Strumigenys sp —--------__-_--__-_- 1 
Pheidole fallav var. antillensis_____-_ 2 
NELENODNOnUS) (SDeee Saas he 1 | Odontomachus hematoda subsp. insu- 
Atenius stercorator —..—--_----~--=~ 1 CT Se cea ca es 2 


Vegetable food.—The vegetable food of the mockingbird (68.79 per cent), 
though more than double the bulk of the animal food, has little economic sig- 
nificance. With the exception of less than 1 per cent of rubbish, it may roughly 
be called berries or fruits, all of wild species and none of importance to man. 


2Bul. 30, Biological Survey, U. S. Dept. Agr., 1907, p. 53. 
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Berries of several species of rubiaceous shrubs were eaten freely, while the 
moral (Cordia sp.) and roble guayo (Bourreria bourreria) were the greatest 
favorites. Small wild figs (Ficus sp.), which grow commonly all through the 
country, were found in six stomachs, as were seeds of the nightshade family 
(Solanum sp.). 

Seeds of plants in the following list were identified in the mockingbird stom- 
achs examined : 


Palmo (Coccothrinax SDE) en 2 | Nightshade (Solanum sp.)_~-_-_-_____ 6 
Palmo real (Roystonea borinquena) __ PAT Witoneells (Oak Sb) See 5 
RUV ALG ETES (CH GAUSS TDs) es ee ates as ya ee 6 | Roble guayo (Bourreria bourreria) ___ 9 
Amaranth (Amaranthus sp.)------_~ 1 | Pendula (Citharexrylum fruticosum) —— 1 
Hspino (Xanthoxylum sp.)_—--___-__~ 2 | Tantillo (Randia sp.) ~---_--__-____ 2 
Bejuco prieto (Paullinia pinnata) ____ 1 | Balsamo colorado (Hamelia patens) __ 3 
Jatropha (Jatropha sp.) --__-_______ 1 | Palo moro (Psychotria sp.) _-____---_ 2° 
Adelia (Adelia sp:)-2--- 22 1 


Summary.—The mockingbird secures a little less than one-third of its aliment 
from the animal kingdom, the remainder being wild fruits and berries of no 
economic importance. In destroying noxious insects, as cutworms, weevils, and 
the notorious changa, it is a great aid to agricultural interests, and as such 
should be protected at all times. 


PORTO RICAN THRUSH. WMimocichla ardosiacea portoricensia (Bryant). 
ZORZAL, ZORZAL AZUL, ZORZAL DH PATAS COLORADAS. 

The Porto Rican thrush is a tolerably common resident over the entire island, 
though less so on the dry south coast. It is a bird of dense, brushy areas, and 

in the hills it frequents coffee plantations, while a region of small streams, 

fringed with trees, running through brushy pastures, is also attractive. At 
times the birds run on the ground in the open, as robins do, but when flushed 
take refuge in thickets. When singing they mount to the top of a tree, perch 
in the thick leaves, and pay little or no attention to anyone moving about below. 

Their song, aS with the pearly-eyed thrasher, is a series of disconnected notes, 
some of which are quite musical, and the whole effect is not unpleasing, though 
repetition makes it monotonous. Their note was a low wheuwr-a, like that of a 
thrasher, and they were called up frequently by “ squeaking” or by a whistled 
imitation. 

/The breeding season extends from February to June, varying somewhat in 
different parts of the island. Near Mameyes in February, birds were seen going 
through a sort of mating display, male and female running about on the ground 
with heads drawn in, the tail spread wide, and thrown forward over the back, 
so that the white tips were prominent. ) Young birds were common in June and 
July, and at that time the adults were molting badly. ‘Taylor (1864, p. 166) has 
described the bill, eyelids, legs, and feet as a bright yellow in life, but this does 
not hold good in a considerable number of specimens examined in the flesh; 
these parts were near flame scarlet," becoming more orange in June specimens, 
which were molting badly. ; 

Near Ciales thrushes were in small bands eating fruit of the laurel (Phebe 
elongata), and near Aflasco one was seen eating the berries of the moral (Cordia 
sp.) and repeatedly driving out a gray kingbird which attempted to alight in 
the tree. They relish also the berries borne by the royal palm (Roystonea 
borinquena). DT 

Food.—Thirty-two stomachs of this thrush were available for examination, 
all of the months from January to August with the exception of April being 


1 Ridgway, Color Standards and Color Nomenclature, 1912 (Jan. 16, 1913). 
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represented in the series. In these 36.54 per cent of the contents is animal 
matter and 63.46 per cent vegetable. Caterpillars, lizards, and beetles form a 
large share of the animal food, while the vegetable portion is composed of seeds 
and pulp of wild fruits and berries. 

Animal food.—The mole cricket (Scapteriscus didactylus) was eaten by two 
birds, though it amounts to only 0.86 per cent of the total, and other orthop- 
terous remains in three stomachs come to 0.36 per cent. Beetles (3.86 per cent) 
were captured by four birds. One bird had eaten a cane weevil root-borer 
(Diaprepes spengleri) and another contained small bits of a wireworm, the 
larval form of a click beetle. Fragments of cutworms were present in four 
stomachs and unidentified caterpillars in six more, which combined give a bulk 
of 12.25 per cent of the total. Ant remains (0.93 per cent), occurring in eight 
stomachs, are the only representatives of the great order of Hymenoptera found 
in the study of the food of this bird. Bug remains (Heteroptera) (2.64 per 
cent) occur in only two stomachs. In one of these was an odoriferous stink- 
bug (Thyanta sp.), a morsel pleasing to an avian palate only. Snails (2.62 
per cent) were picked up by four birds and undoubtedly figure regularly in the 
food of this thrush, because of its terrestrial habits. Lizards and tree toads 
amount to 8.41 per cent and are the only beneficial animals destroyed. One of 
the lizards eaten was a siguana (Ameiva exul) and in seven stomachs were 
remains of the common lagarto (Anolis sp). Two little tree toads (Hleuthero- 
dactylus sp.) were found. An earwig and two myriapods, included as miscel- 
laneous items, come to 4.61 per cent. 

Though only a trifle more than one-third of its food is composed of animal 
matter, this thrush is beneficial in its relation to agriculture. The only ques- 
tionabie portion of its food is that made up of insectivorous lizards and tree 
toads. When, however, the numbers of cutworms, beetles, ants, and bugs are 
arrayéd against these the balance is decidedly in favor of the bird. Moreover, 
should any of the smaller vegetable-feeding snails be found injurious to crops 
this thrush would prove an ally against them. 

The following were found in the stomachs of the Porto Rican thrush: 


ORTHOPTHRA,. 4 HYMENOPTHRA—continued. 
Scapteriscus didactylus _-_--------~-~ 2 | Pheidole fallar var. antillensis_______ 2 
Solenopsis globularia_______________ 1 
HEMIPTHRA. 

ep ee ee io 1 MOLLUSCA. 
Pianorbistspee seas Se eee 1 
COLEOPTERA. Chocnonorniums pee eee See 1 

Midnrenes SHeNngleri-= =~ = al 

VERTEBRATA. 
HYMBNOPTHRA, Eleutherodactytus sp —----_---_-_-____ 2 
Camponotusispaule so 28 este th | RAmewa exuls 22 oe Oe ers eee ee ub 
IPRCLMOLem Spl en aoe 2 ee ee ke LT as WOES SY 0) Se EE SE eee ers Soe qT 


Vegetable food.—Though the vegetable food of the Porto Rican thrush amounts 
to 63.46 per cent, none is of value to man. Berries of the camacey were taken 
and drupes of a nightshade (Solanum sp.) were swallowed entire. The small 
fruits of wild figs (Ficus spp.), growing as parasites or‘as true trees, were also 
relished, being found in five stomachs, and undoubtedly all the common wild 
fruits of the island are eaten in season. : 

The following seeds were identified : 


Wrilditics (Hicustisps) Ss aan Ue Re 5 | Camacey (Wiconia prasina) ---------- 1 
Tabonuco (Dacryodes sp.) ~-____-_--- 1 | Nightshade (Solanum sp.)---------- 3 
Bejuco prieto (Paullinia pinnata)____ 2 | Morale (COPdiGeESD.) = == ae eee 1 


Camacey (Miconia sp.)-..----_-_-_— 2 | Balsamo colorado (Hamelia patens) __ i 
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[WOOD THRUSH. Hylocichla mustelina (Gmelin). 
TORDO. 


Gundlach (1878, p. 170) saw a drawing of the wood thrush in the album of Bello, made 
from a specimen taken by Don Celedonio-Carbonell, of Cabo Rojo. Stahl (1883, p. 58) 
says that it is a very rare visitant, but noted no actual specimens. As this evidence does 
not appear sufficient to establish the wood thrush as a valid member of the Porto Rican 
avifauna it is included as hypothetical.] 


PORTO RICAN CROW. Corvus leucognaphalus leucognaphalus Daudin. 
CunRVO. / 

Formerly reported abundant over much of the island, the Porto Rican crow 
is now almost extinct. A few are said to occur below San Sebastian, and in the 
more inaccessible portions of El Yunque they are still fairly common. Occa- 
sionally small flocks come down from the mountains to the coast near Mameyes. 
There were formerly a few near Utuado, but Mr. L. B. Strube, of the Hacienda 
Jobo, says that none have been seen there for five or six years, though there is 
no apparent reason for their disappearance, as on his plantation at least they 
were not disturbed. In the region between Lares and Las Marias it was said 
that there was formerly a smaller species that had not been seen for many years, 
and it is possible that there were once two species on the island, as on Santo 
Domingo and Cuba to-day. 

These birds have more the nature, habits, and call notes of ravens than crows. 
They seem to thrive only where there are extensive growths of natural forest, 
and when these are cut down the crow disappears. In March along the west 
fork of the Rio Mameyes they were breeding, the nests apparently containing 
both eggs and well-grown young. All were inaccessible, however, being located 
in the tops of the tall tabanuco trees. The adults kept well concealed in the 
leaves high above, and only by patient watching could they be located. They 
exhibited considerable curiosity, however, and once, when I was hidden in some 
tall grass, two flew down to examine the place. On a second visit to this colony 
all the birds left, going higher into the mountains, though every half hour or 
so four or five would come circling back, high in the air, and perhaps one or two 
~ would alight on a dead limb projecting above the forest, where they croaked and 
ealled, lifting the wings nervously. Later a flock of about 25 were found near 
the forks of the Rio Mameyes, but these were very wild, keeping entirely to the 
higher slopes. On days when it was cold and rainy on the summit of El 
Yunque they descended into the warmer valleys, as the parrots did, and when 
it cleared circled back to the higher peaks. 

The ordinary call note is a high klook, or a deep wal-lough, varied by any 
number of indescribable gutturals and gabbling calls, with none of the vocifer- 
ous cawing of our crows. The natives claim that the birds live for many years, 
and credit them with great sagacity, asserting that birds captured while young 
may be taught to speak a few words of Spanish. They are prized as food by 
the country people and were formerly hunted as game. 

Food.—In nine stomachs collected around El Yunque in March animal food 
amounts to only 10.56 per cent, and is composed of fragments of a nestling 
passerine bird in one stomach and bones of tree toads (Hleutherodaciylus sp.) 
in two others. The vegetable food (89.44 per cent), by far the larger part, is 
made up of wild berries and drupes of a number of species, several of which 
were unknown. The drupes of the tabonuco (Dacryodes excelsa) were found 
in three stomachs and a palm berry (Acrista monticola) in another, while seeds 
of rubiaceous plants were common. In the field the birds were observed feed- 
ing on the guaraguou (Guarea trichiloides),-tabonuco, and jagua (Genipa sp.), 
and other fruits are added to its dietary as the seasons change. None of these 
_ are of economic importance, but the animals destroyed are all friends of man, 
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so that the crow is an injurious species. Its numbers, however, are now so 
few and it is so closely confined to its restricted range that it has little or no 
influence on the balance of nature. Hence no destructive measures are neces- 
sary, and it should be conserved as an interesting species. Unlike the crow of 
the United States, it can not accommodate its habits to changed conditions and 
can be expected to survive only in the Government forest reserve on IE] Yunque 
de Luquillo. 


LATIMER’S VIREO. Vireo latimeri Baird. 
JULIAN CHIVI. 

Latimer’s vireo is a tolerably common resident species in Porto Rico, found 
in many localities, though having a local range. None were observed east of 
Trujillo Alto, Caguas, and Patillas, and in the western part of the island they 
were found only under certain conditions. The birds frequented coffee planta- 
tions somewhat, but were most common in the limestone hills, covered with 
dense brush and matted with creepers, a prominent feature of the landscape 
along the north coast. In the dry hills of the south coast also they were com- 
mon and were perhaps most abundant in the forest growth along the Rio de la 
Lapa, back of Salinas. They worked industriously through the brush and 
tangles, sometimes high up in the trees, but more often near the ground. They 
exhibited some curiosity, and once one came out and scolded with a wrenlike 
chatter for several minutes, until the brush was full of peering grassquits, 
honey creepers, and spindalis. The females seem to be almost silent, but the 
males sing incessantly a sharply accented song, in imitation of which it gets its 
native name of julian chi-vi. There are two distinct strains in this song, and 
the bird sometimes changes from one to the other, repeating them 22 or 238 times 
2 minute, frequently keeping this up for an hour. A quick scolding note like 
chee chee chur chur chur is sometimes heard. 

The birds nested in April and May, and young birds were seen July 5 still 
following their parents with soft call notes. Bowdish (1902-8, p. 16) records 
immature birds taken as late as October. In May the males sang incessantly, 
frequently remaining on one perch for half an hour or so, but by the middle of 
June they were mostly silent. 

Food.—Forty-three stomachs of this bird were collected, representing the food 
of every month from December to August, inclusive, except March, and it was 
found that 86.21 per cent of the contents by bulk was formed by animal matter 
and 13.79 per cent by vegetable. Orthoptera, Homoptera, and Lepidoptera are 
the largest items in the class of insects, while the vegetable matter is com- 
posed of seeds. 

Animal food.—Even Latimer’s vireo relishes nymphs of the mole cricket 
(Scapteriscus didactylus), which were found in 6 stomachs, though they amount 
to but 0.9 per cent. Grasshopper remains were found in 6 stomachs, and inde- 
terminate Orthoptera in 10. One bird had secured a roach and another a man- 
tis. All of these make up 21.77 per cent, a surprising amount for a bird of this 
family. The insects taken were almost entirely nymphs, though some larger 
adults were secured. Undoubtedly nearly all the unidentified material be- 
longed to the family Locustidsx, as the members of this group are found largely 
in foliage. Of the true bugs, homopterous remains come to 15.1 per cent, much 
of which is formed by cicadas (Proarno hilaris), large morsels for a bird of 
this size. Many lantern flies and leaf hoppers also were secured, the first named 
being found frequently. Two assassin bugs and three stinkbugs come to 3.67 
per cent. Leaf beetles (Chrysomelids) were found in 6 stomachs and amount 
to 2.76 per cent, while longicorn bettles make up 1.75 per cent. Snout beetles 
were found in 21 stomachs and, though amounting to only 3.26 per cent, are an 
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important item, as they are all species of small size. The rice weevil (Calandra 
oryz@), a species well known as a pest in stored grains, flour, and other food- 
stuffs, was identified three times. Miscellaneous beetles—click beetles, fireflies, 
buprestids, and others—amount to 3.56 per cent. 

Caterpillars, all small, were found in 14 stomachs, and the remains of moths, 
frequently a mere trace of scales, in 7; these total 21.88 per cent, one of the 
most important divisions in the food. The remains of Diptera amount to 1.25 
per centy and Hymenoptera to only 0.92 per cent. The latter are mainly bene- 
ficial, in one stomach being found a parasite of ants (Kapala sp.), and in an- 
other a small bee. Spiders (6.29 per cent) occur in 12 stomachs. Three birds 
had eaten earwigs, and one had captured a tiny lizard. Miscellaneous matter 
makes up 3.1 per cent. 

Latimer’s vireo is entirely beneficial, the only valuable insects consumed being 
a few parasitic Hymenoptera and predacious ladybird beetles. In addition to 
these, the spiders may be considered of value; but arrayed against this meager 
showing are hosts of destructive beetles, bugs, and caterpillars. At present the 
birds frequent the coffee plantations, and, as they are common in places about 
the borders of citrus groves in brushy areas, they may in time extend their for- 
aging into the groves themselves. It is rather surprising to find a small bird 
feeding upon the mole cricket, but this is understood when it is seen how largely 
other Orthoptera enter into its diet. 

The following insects were identified in these stomachs: 


ORTHOPTERA. COLEOPTEHRA—continued. 
Periplaneta isp 2222258 te ee 1 || Aem@odera ‘spe =o Se eae en 2 
.Scapteriscus didactylus _------------ 6.) ‘Photims, \sp/=- 3 2 eee eee 1 
; Houria Sps Uae ee eee 2 
HEMIPTERA. Leptostylus sp_-——_—----_-_---______ 4 
Cryptocenhulis sp eee 5 
OFMMENAS TED = Sess ses Ni ah ys ees A:,| Myochrous spa2s— 26) femee eee ae eas 1 
Prominin Wiliise SS ee ee 6:\|, EeClO DS Spy Se Ue Se eae ee cere ee 2 
ThYONLGE SP252— 550252 =. Se ee ee 1 | Strongyuum, sp = eee 1 
Huscepes -porcelius =—- === 3 
COLEOPTERA. Calandra oryz@ —----__---__________ 3 
Scymnus roseicollis________-___--__-- 1 i ipecmmen Gira oy + 
Monocrepidius bifoveatus ____-______ 1\ Kopala, spsiaa ==) 22 eee 1 


Vegetable food—Though vegetable items come to 13.79 per cent in these 
stomachs, none are of commercial value, all being small wild berries. This 
is much more vegetable food than has been found in representatives of this 
family in the United States, and, as it occurs in 23, or more than half of the 
total number of stomachs examined, it may be considered a regular constituent 
of the food. The berries of the camacey (Miconia prasina) and espino seem 
to be the most favored. Every stomach taken in December contained large 
numbers of these seeds; for this month they form exactly one-third of the bulk, 
but in the following months they are more scattering. No sand or gravel was 
found, so that berries must have been eaten solely for the pulp, though some of 
the softer seeds may have been digested. The following seeds were found: 


Paspalum (Paspalum sp.)----------- 1 | Camacey (Miconia prasina) ------~--- 11 
Vinagrillo (Oxvals sp.) --_----_____~__ 1” Adelia, (Adee sp) 222-2 eee 1 
Espino (Xanthozylum sp.)---------- 8 | Aji (Capsicum sp.)—-----=---— ol hie ts 2 1 


[RED-EYED VIREO. Vireosylva olivacea (Linneus). 
BIEN-TE-VEO. x is 


Gundlach (1878, p. 169) saw the red-eyed vireo figured in the album of Bello, who drew 
it from a specimen in the collection of Don Celedonio-Carbonell. This record is not con- 
sidered sufficient to include the bird as a Porto Rican species, except as hypothetical. It 
might be easily confused with a worn or poorly marked specimen of the Jamaican vireo.] 
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JAMAICAN VIREO. Vireosylva calidris calidris (Linnzus). 
BIDN-TB-VnO. 

The Jamaican vireo is a common summer visitant to this region. The first 
one was seen near Mameyes February 14, and from that date on they were 
common. Ranging over the entire island of Porto Rico, they were found every- 
where in coffee plantations, brushy pastures and ravines, and in shade trees 
about houses. Bowdish (1902-3, p. 16) remnarks that apparently they are par- 
tially migratory, while Gundlach (1878, p. 168) says that they occur from Feb- 
ruary 14 to the end of August. In the National Museum is a specimen taken 
February 13, 1899, at Hucares, by A. B. Baker, of the Fish Commission, while 
Stahl (1887, p. 451) notes one February 5, 1887, the earliest date known for the 
species. Males seemed to arrive first and came in full song, while no female was 
actually taken until April 11, after which they, too, were common. On March 9 
there was a migratory wave of these vireos, as in the morning at the Hacienda 
Catalina the coffee plantations were full of their songs but next day they were 
gone. In fall these birds had completed the molt by the first week in August, 
and on the 16th of that month their numbers suddenly decreased, after which 
they were evidently migrating, the last one being observed on August 31 at 
Cabo Rojo. 

Slow and leisurely in habit, they work through the leaves and twigs, some- 
times singing for several minutes from one perch and exhibting no fear. The 
song is a series of couplets, closely resembling that of the red-eyed species, and 
they have the usual scolding note of the vireos. The breeding season began 
the first of May and lasted through June. No nests were found, but at Lares 
June 29 a boy brought in a nestling and described the nest as being in a banana 
plant. A juvenal female in the National Museum was taken at Mayagiiez 
May 30, 1901, by Bowdish. Throughout July young birds were common, either 
shifting for themselves or following their parents with a soft insistent chit chit, 
while the adults answered with another low plaintive note, different from the 
usual call. Two seemed to be the usual number in a brood. During the breed- 
ing season the birds have a circumscribed range. Often a male was found in 
a small isolated grove and remained there throughout the day. In August only 
a few were heard singing. The iris of this species is bright reddish brown. 

Highty-four stomachs of the Jamaican vireo were examined, distributed 
evenly through the months from February to August, and animal food was 
found to comprise 42.18 per cent and vegetable 57.82 per cent. 

Animal food.—Remains of grasshoppers (Locustide) were found in three 
stomachs, elongated walking sticks (Phasmidz) in two, miscellaneous Orthop- 
tera in nine, and mantids in three. These in combination come to 6.384 per cent. 
Cicadas (Proarno hilaris) were eaten by six birds, a lantern fly (Ormenis sp.) 
by one, and other small Homoptera by three, all amounting to 6.87 per cent. 
Among other bugs one stinkbug (Nezara sp.) was identified and one squash bug 
(Spartocera fusca), both members of families whose species are injurious. 
These with bits of an ambush bug come to 1.92 per cent. 

Leaf beetles comprise 1.51 per cent of the total bulk and the cane weevil 
root-borer (Diaprepes spengleri), found in three instances, 0.51 per cent. 
Other snout beetles, which in three instances were coffee leaf-weevils, amount 
to 3.385 per cent. Weevils as a class occurred in 32 stomachs, so that they are 
an important item in the food. Ladybird beetles were eaten five times, but 
only made 0.42 per cent. A few darkling, longicorn, and dung beetles amount 
to 0.64 per cent. Twenty-one birds had eaten caterpillars, which as vegetable 
feeders must be reckoned as injurious. They form the largest item of the ani- 
mal food (9.7 per cent). Hymenoptera, at least half of which may be called 


9767°—Bull. 326—16——7 


98 BULLETIN 326, U. S. DEPARTMENT OF AGRICULTURE. 


beneficial, amount to 2.03 per cent. A wasp and an ant were identified among 
these. Diptera amount to only 0.21 per cent and were eaten by a single bird 
in February. Earwigs (0.83 per cent) were taken six times. Spiders (7.74 
per cent), eaten by 30 birds, were taken in largest numbers in March and April. 
Little tree toads (Hleutherodactylus sp.) were captured twice, and with a very 
small quantity of miscellaneous matter make up 0.61 per cent. 

The only harm done by this vireo is in the destruction of a few ladybirds, 
beneficial Hymenoptera, and tree toads. But to offest these are found much 
larger numbers of injurious beetles, bugs, caterpillars, and other insects, in 
destroying which great good is accomplished. The bird is especially useful in 
coffee plantations and it abounds there. It comes, too, about the villages and 
country houses, where it aids in ridding the shade trees of their pests. 

The following were definitely identified in the stomachs: 


HEMIPTERA. COLEOPTERA—continued. 
Onmenisuspe foo oe Ss Se eee eee Ln Cryptocepnaniss Spe 9 
ET G OGL OMAN US ne ee 6h | Myochnouws.sp ee eee 1 
PhymotGisp 2s] 222 2 see eee 1 4> Melons  spi2t terete Shee ee eee 2 
SPAGLOGELG:, [USCO= === ee ee 1 | “backnopus” sp) 2222 ee eee 3 
NeZ0rG “Sp s=22 2225. Seo see Bee i | Dieprenes spenglen == 3 
COLEOPTERA. HYMENOPTERA. 
Scymnillus spss aoa eee 34" Gerceris spats oe Se eee es 1 
OCycloneda: Vimbifer _— ===) 2) et 3 
Atenius stercorator _~--------__-___ 1 VERTEBRATA. 
TE OUTIG USD 22 a eee ae ae ee al 
SELeCDtOStylus SPs sooo e ee ee "| Hleutherodactylus, sp 2 


Vegetable food.—Vegetable matter (57.82 per cent) was found in 80 of the 
84 stomachs available for laboratory examination. It was composed almost 
entirely of wild fruits and berries, though frequently its presence was detected 
only by the seeds, the pulpy exterior having been completely digested. In some 
cases also only the skins of small fruits were found, so that possibly the pits 
are sometimes removed before swallowing. None of the fruits taken have any 
importance to man nor would their dissemination through seeds scattered by the 
birds be of any consequence. Those sought most eagerly may be determined 
from the list which follows: 


Wald fist(Hicusysp) eee 2 | Nightshade (Solanum sp.)---------- 3 
Dspino (Xanthorylum sp.)—---------- 9 Aji “(Cunsiqumesp:)) 222 eee 8 
Guaraguou (Guwarea trichilioides)____ 11 | Moral (Cordia sp.) -—-_-_____________— 6 
Jatropha -(Jatropha sp.) =2==-=—2=--= 2 | Roble guayo (Bowrreria sp.) --_------- 1 
Camacey (Miconia sp.) _——-—~——-==-=2= 2 | Tantillo (Randia aculeata) _-_________ al 
Camacey (Wiconia prasina)--___-_-_~ 1 | Palo moro (Psychotria brachiata) _--~ 1 
Adeliag (A Geld, \Sp))s_2 se ee ee 15 | Concombre (Cucumis sp.) ----------- 1 


AMERICAN REDSTART. Setophaga ruticilla (Linnzus). 
REINITA, CANDELITA, COLI RUBIO. 

The American redstart is a common winter visitant to Porto Rico. The last 
one for the spring I saw on Culebra Island April 19, and Dr. Richmond (MS.) 
noted one at Ponce April 16, 1900. Stahl (1887, p. 451), says that they arrive 
from the north in August. These birds frequent the mangroves, forest growths, 
and coffee plantations, and sometimes shade trees about houses. The greater 
portion seen were immature birds and females, though occasionally males in 
full plumage were observed. As always, these birds were very active, searching 
through the limbs for insects, and expertly catching insects on the wing. On Hi 
Yunque, in the dense forests, they were seen up to 1,500 feet altitude, and else- 
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where in more open localities were found at the highest elevations. Next to the 
parula warbler this is the most common of the wintering warblers. 

Food.—Thirteen stomachs of the redstart were examined, taken in December, 
January, February, and April, and in these animal food amounts to 100 per 
cent. Small lantern flies (Fulgorids) occur nine times and form 37.23 per cent 
of the total. Longicorn beetles make up 0.57 per cent, snout beetles 1.5 per 
cent, and miscellaneous species 2.54 per cent. All are classed as injurious 
species save a single ladybird beetle, so small that it is lost in the bulk of others. 
Moth remains amount to 11.75 per cent, while no caterpillars were eaten. 
Hymenopteran remains (6.67 per cent) were found in five stomachs. Approxi- 
mately two-thirds of these are small species, probably of parasitic habit. One 
that parasitizes ants was definitely identified as a species of Kapala. Diptera 
(39.24 per cent) were present in eight of the stomachs examined. One bird had 
eaten a spider, and another insect eggs, both amounting to only 0.5 per cent. 

Though present only in winter, this small warbler is a bird of economic im- 
portance. It destroys thousands of lantern flies, abundant in the trees and 
shrubbery, aS well as many beetles, moths, and flies. A very small percentage 
of its food is taken from beneficial species of insects, the remainder being 
entirely injurious. This bird is entirely insectivorous and does not feed upon 
any of the abundant wild berries, a fact that increases its importance, as it 
destroys proportionately more insects than do the more or less vegetarian resi- 
dent species of similar habit. 

The following insects were identified in these stomachs: 


HEMIPTERA. DIPTERA. 
GS tl . Compsomyia macellaria _.____--_____ 1 
LE TASLOUIS MALO LC C1) Sa ee 1 

SSPREOETERA: Sancophage spess-) 2 eee 1 

Seymnus roseicollis——_— = = 1 

WCPLOSUUINGMISDE Es > Soe oe es sie ee ab HYMENOPTERA. 

Oryptocephalus .sp-—-——=—_2 -~-_-—==—— 1 

WOT GeINSLONG. SPoeasssaee= = a= {| || Rapp, POs sa SSS 1 

Huscepes porcellus__—___-____________ al . 

ETO UUSH SD ees ee 1 


NORTHERN YELLOW-THROAT. Geothlypis trichas brachidactyla (Swainson). 
Pica TIERRA. : 


The northern yellow-throat is of uncertain status for Porto Rico. Hartlaub 
(1847, p. 611) includes it in his list, and Gundlach quotes this record. Stahl 
(1883, p. 59) says that it is a rare migrant, and Gundlach (1878, p. 187) remarks 
that it is a rare winter visitant, but does not say that he secured it. Cory 
(1892, p. 119) lists it for Porto Rico without comment. 


WATER-THRUSH. Seiurus noveboracensis noveboracensis (Gmelin). 
PiIzPITA DH MANGLE, PIZPITA CHICA. 

The water-thrush is a fairly common winter visitant in the coastal region of 
Porto Rico, being noted at Mameyes February 9 to 29 and Cabo Rojo August 30. 
Dr. Richmond (MS.) saw one at Arecibo April 1, 1900, and Bowdish collected one 
on Mona Island August 18, 1901, where he found them fairly common. I saw 
them on Culebra Island from April 6 to 19, and one was noted on Louis Pefia 
Island (Southwest Cay) April 11. In life this water-thrush can not be dis- 
tinguished from the next subspecies described, Grinnell’s water-thrush (Seiurus 
noveboracensis notabilis), and part of the above records refer to the latter. 
Specimens of this form were collected only on Culebra Island April 6 and 12. 
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There is no reason to suppose, however, that it was not at least as common as 
S. 1. notabilis in the other localities noted. 

These water-thrushes occur only in the mangroves of the coastal region, 
where they are found about bays and lagoons feeding on the ground, and though 
their sharp call notes are heard repeatedly, the birds themselves are usually 
hidden. While I was watching for clapper rails they frequently came walking 
along through the mud and over the roots, teetering the tail incessantly. -In 
April/they were singing as clearly as in the North. 

Food.—Two specimens of this subspecies and two of S. n. notabilis were col- 
lected and their food is considered together. Of these four stomachs one was 
taken at Mameyes in February and the other three on Culebra Island in April. 
Fly pups and a few adults were present in three stomachs and amount to 43 
per cent of the total. Ants (24 per cent), of which one bird had eaten 40, were 
found in three stomachs. Water scavenger beetles were found in two instances 
and a hister beetle (Hister sp.) once. In one stomach were five water boatmen 
(Plea sp.) and another aquatic bug, and two contained the remains of small 
crabs (in one case of Uca). In single stomachs were found the jaw of an 
orthopteran, a lantern fly, and a bone from the head of a tiny fish. 

In destroying ants and fly larvee these birds are beneficial, and though few in 
number they aid in restraining these insects. Only part of the beetles taken 
may be considered beneficial, and these are relatively small in bulk. In working 
over the muddy floors of the great mangrove swamps they perform a service 
peculiar to themselves and one or two species of similar habits, and are of un- 
doubted value. 


GRINNELL’S WATER-THRUSH. Seiurus noveboracensis notabilis (Ridgway). 
PIzPITA DB MANGLD, PizPITA CHICA. 

One Grinnell’s water-thrush was collected at Mameyes February 14 and an- 
other on Culebra Island April 12. This is the first record from Porto Rico. In 
habits and actions it is similar to the typical subspecies, in the discussion of 
which will be found brief notes on its food. Both of these water-thrushes are 
beneficial. 


LOUISIANA WATER-THRUSH...Seiurus motacilla (Vieillot). 
PizPITA CHICA. 

The Louisiana water-thrush is a fairly common winter visitant to Porto Rico. 
The birds may arrive in September, though there are no positive records, and 
the first that I saw were at Cayey January 17. They were common in the man- 
grove swamps along the coast and inland followed the rapid streams, frequenting 
the parts bordered by brushy growth or running through coffee and banana 
plantations. The call note is noticeably higher than that of the other water- 
thrush, from which it can readily be distinguished. 

Food.—In five stomachs collected at Cayey and Aibonito in January animal 
food forms 98 per cent, vegetable 2 per cent. Remains of flies (33 per cent) were 
present in three stomachs. Water beetles (Parnide and others) were found in 
three stomachs and leaf beetles in two. In one bird was a tree hopper and in 
two others were indeterminate bug remains. A dragon fly was found once and 
spider remains and bits of a scorpion twice. 'Three-fourths of the contents of 
one stomach was composed of fragments of a snail, and in another was found 
a tree toad (Hleutherodactylus sp.). Two birds had eaten seeds, in one case 
those of the aji (Capsicum sp.). In these birds the number of harmful insects 
consumed is slightly in excess of the beneficial species destroyed (including — 
also spiders and the tree toad). 
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OVEN-BIRD. Seiurus aurocapillus (Linneus). 
PizPITA DORADA. 

The oven-bird is a tolerably common winter visitant to Porto Rico and Vieques 
Island. Bowdish (1902-8, p. 19) notes one October 14, 1901, as his first fall 
record, and Gundlach (1878, p. 175) says that they arrive in October. Birds 
were seen in the forests of El Yunque up to 900 feet elevation, and in the central 
part of the island they were observed at Aibonito (1,900 feet altitude). They 
frequent thickets and second-growth forests many times in dry localities. Here 
they feed on the ground, flying up to low perches when alarmed. They were 
entirely silent. In the coastal regions they are frequently seen in cane fields. 

‘Food.—In 13 stomachs of this bird available for laboratory examination 
animal food amounts to 62.43 per cent and vegetable to 37.57 per cent. These 
birds were collected in the months from December to April, inclusive. In all 
these stomachs were considerable quantities of gravel, and all animal matter 
was ground very fine. Weevil remains (4.8 per cent) were present in four 
stomachs taken in April. Other beetle remains (9.63 per cent) in eight stomachs 
were so finely broken that they could not be determined. Ants were eaten by 
eight birds and form the large amount of 8.5 per cent. Other Hymenoptera 
make up only 0.4 per cent. Orthopterous remains (2.17 per cent) include a 
walking stick, a grasshopper, and others. A caterpillar (0.5 per cent) was 
found in one stomach and spiders (2.33 per cent) in three. Snails, in most 
instances broken up in very small pieces, were eaten by eight birds and amount 
to 30.17 per cent. A single tree toad comprises 0.98 per cent and miscellaneous 
animal matter 3 per cent. 

The oven-bird is wholly beneficial in its food habits and is remarkable for the 
large number of ants eaten, as well aS many weevils and other beetles. Snails 
are much relished, and form nearly half the animal food. A list of identified 
specimens in different classes follows: 


COLEOPTERA. MOLLUSCA. 
PVISCEICS ONCellWSs = oF Bee ee AG WEL OWOn0TSaSpe ae) tve SS thai Ta tele ape 1 
ISQUD UUs Se ee ee 2 
HYMENOPTERA. 
VERTEBRATA. 
Wasmannia auropunctata __+------- 1 
Cyphomyrmer rimosus________-_~-~- iL) Hlewtherodactyluis, spose e2= eee il 


Vegetable food.—Of the vegetable matter contained in these stomachs 36.9 
per cent was composed of seeds and 0.67 per cent may be classed as rubbish. 
The oven-bird has a strong, muscular gizzard and takes large quantities of 
sand, so that the seeds are broken and ground until they are fit for digestion. 
None are of economic value, as may be judged from the list which follows: 


Ichnanthus (Ichnanthus pallens) ---- 4) Camacey (Miconia prasina) _-__-_---- 3 
Paspalum (Paspalum sp.)----------- 2 | Concombre> (Cucumis: sp:)----__=—-_ 2 
Starerass (Hypowvis sp.) 2222-2 -2--_- 3 


PALM WARBLER. Dendroica palmarum palmarum (Gmelin). 
RBINITA, BIJIRITA DH PALMAS, BIJIRITA PALMERA. 


A single specimen of the palm warbler, a rare winter visitant to Porto Rico, 
was taken in a mangrove swamp bordering the Rio Mameyes, north of Mameyes, 
on February 16, 1912. In the United States National Museum is a specimen 
taken January 8, 1899, at Caguas by A. B. Baker, and another from Arecibo, 
April 4, 1900, by Dr. C. W. Richmond.* Bowdish (1902-3, p. 18) records them 
from San Juan February 12, March 10, and April 8, 1900. The stomach of the 
single bird collected at Mameyes was empty. 
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PRAIRIE WARBLER. Dendroica discolor (Vieillot). 
REINITA, BIJIRITA GALANA, 

The prairie warbler is apparently much more common as a migrant than as 
a true winter visitant. Bowdish (1902-3, p. 19) records it on September 23, 
1900, and the last birds seen in the present investigations were noted on April 
10, on Culebra Island. In Porto Rico these birds occur at the highest altitudes 
(above Aibonito, at 2,000 feet), and are found in brushy growths, in pastures 
where there are thickets, and along the hedges of emajagua (Paritium tili- 
aceumy. Dry, brushy growths back of the beaches also are favorite places, and 
many live in the dry forests of Vieques. In spring there was a marked diurnal 
movement toward the west, and on Vieques there were distinct waves of migra- 
tion on March 19 and March 27. Another was noted on Culebra Island on 
April 9. In each ease the birds were in company with many other warblers. 

Fiood.—Yor the study of the food of the prairie warbler 15 stomachs, taken 
in December, January, March, and April, were available. Animal food forms 
the entire content. The largest single item in these stomachs is composed of 
Fulgoride, which comprise 42.78 per cent of the food and were found in nine 
stomachs. Other bug remains, mainly fragments of an ambush bug (Phymata 
sp.), make up 1 per cent. Three birds had eaten leaf beetles (2.9 per cent) 
and one a weevil (0.2 per cent). Other beetle remains, among which a longi- 
corn, a Skin beetle, and a click beetle were identified, make up 12.9 per cent. 
Caterpillars found by five birds and moths by two make 12.7 per cent, while 
fly remains in two amount to 0.85 per cent. Ants in four stomachs form 3.72 
per cent of the total, while other Hymenoptera, captured by a single bird, come 
to only 0.1 per cent. The only questionable part of the food of this bird is 
_ found in the large number of spiders eaten (19.59 per cent). These are found 

_ in eight, er more than half, of the stomachs examined. Miscellaneous animal 
- matter totals 3.76 per cent. 

Among beneficial species the prairie warbler ranks high, as practically four- 
fifths of its food is composed of harmful insects. Its destruction of spiders is a 
questionable benefit, but it consumes such large numbers of lantern flies (Fulgor- 
ide) that there can be no doubt as to its usefulness. In common with other 
birds of the same family, the wood warblers, it feeds to a considerable extent 
on ants while in Porto Rico, insects that in the Tropics are very destructive. 

The following were identified in these stomachs: 


HEMIPTERA. ARACHNIDA. 
Opnlenishisp ets ees Bae Ce ee 2) Wala Wernalis ae eae iae meee 1 
PRYMOLANS Dee 2e ee eee 1 | Theridula triangularis —=--—--— === —_ 1 
Tibellus sposs 222s ee eee il 
COLEOPTHRA. 
Cryptocepnalus. Spee ee 3 


BLACK-POLL WARBLER. Dendroica striata (J. R. Forster). 
REINITA, BIJIRITA ESTRIADA, BIJIRITA RAYADA. 

Gundlach (1878, p. 181) observed the black-poll warbler, a rare migrant in 
Porto Rico, in October at Aguadilla, and records one as seen at Bayamon. 
Stahl (1883, p. 189) had a male taken in Porto Rico in his collection, and (1887, 

'p. 451) says that the birds arrive the middle of August. 


ADELAIDE’S WARBLER. Dendroica adelaide Baird. 
REINITA, BIJIRITA ADELAIDA, BIJIRITA MARIPOSERA, 


A fairly common resident species in Porto Rico, Adelaide’s warbler occurs 
-in most parts of the island, but is local in distribution. The only ones seen at 
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a high altitude were in the limestone hills west of Cayey, at about 1,200 feet 
elevation, the birds being found elsewhere mainly below 500 feet. They are 
fairly common on Vieques also, and this is the first time they have been recorded 
from that island. 

On the south side of Porto Rico they are found in dry forest growth covering 
the hills, and on the north coast in second-growth forest tangled with vines 
and ereepers, and where these conditions are wanting the birds are not found. 
Quick and active in habits, they feed rapidly through the tips of the twigs, 
tumbling down through the limbs after a moth or flying out to capture an es- 
caping insect on the wing. They are partial to dense tangles of vines, and, , 
though not wild, it was sometimes hard to find them for this reason. The song 
of the male is a sudden trilling outburst, somewhat like that of the pine warbler 
(Dendroica v. vigorsi), and always there follow protesting notes from a female 
near by. The males sing at short intervals during the forenoon and evening 
and occasionally during the heat of the day. Many were seen along the Rio 
de la Lapa, back of Salinas, where they were exceptionally abundant. 

The birds appear to nest in May and June, and young were first observed near 
Quebradillas July 8, but after that date they were common. Near Yauco, on 
May 22, a nest was found in a thicket, not quite completed. It was saddled ina 
forked limb of a bush, about 4 feet from the ground. Externally its construc- 
tion was of gray moss, shading in perfectly with its surroundings, while the 
lining was of fine grass. Bowdish (1902-3, p. 18) secured a juvenal male near 
Aguadilla June 15. The birds were molting badly in August. 

Food.—for detailed analysis 41 stomachs of this bird were available, taken 
in every month from December to August except June. 'These contained noth- 
ing but animal matter. Six birds had secured Orthoptera, 2.61 per cent of 
the total. Three of these had eaten grasshoppers (Locustide). Insects that 
were actually identified as lantern flies amount to 46.82 per cent, and were 
found in 24 of the stomachs, while remains definitely determined only as those 
of small homopterous insects come to 12.73 per cent more. Thus these insects, 
destructive to many cultivated plants, form a little more than two-thirds of 
the entire food. Other bugs, assassin bugs in two instances, form 1.84 per cent. 
One bird had taken 12 stinkbug eggs. : 

Beetles are well represented and, with the exception of ladybird beetles in 
three instances (0.05 per cent), are all harmful species. Skin beetles come to 
0.28 per cent and longicorns to 5.81 per cent. Leaf beetles (1.92 per cent) were 
eaten by 11 birds. Among the weevils, curculios, found in seven instances, come 
to 3.33 per cent and other snout beetles amount to 2.53 per cent. A few miscel- 
laneous Coleoptera remains figure as 0.86 per cent. Caterpillars were eaten 6 
times and moths 11, all amounting to 11.23 per cent. Hymenoptera comprise 
2.12 per cent of the food, and are mostly small parasitic species, though ants 
were eaten three times. Spiders (7.29 per cent) were eaten 14 times. Diptera 
comprise only 0.45 per cent, and miscellaneous animal matter 0.63 per cent. One 
tree toad (Hlewtherodactylus sp.) was eaten. 

Adelaide’s warbler is one of the few endemic birds that draw their entire 
sustenance from the animal kingdom. Enormous numbers of small Homoptera 
are destroyed by these birds; in fact, from this group of insects alone is gathered 
more than two-thirds of the bird’s entire aliment. Besides these, many harmful 
weevils and other beetles, caterpillars, moths, and other insects are destroyed. 
In capturing small numbers of ladybird beetles, parasitic Hymenoptera, and 
spiders, some damage is done, but this is compensated for many times over by 
the great numbers of injurious insects which form the bulk of the food. 
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The following were identified in the stomachs: 


HEMIPTERA. COLEOPTERA—continued. 

OFNVENGS: |S eee te ee Ee 5 | Huscepes porcetlus_____ 2) ae 1 
ALOT? ST See eae ae eS ee ey 2 
COLEOPTERA. 
HYMENOPTERA. 

SCUIMNIUWS Sp eae ree Sees Sa 1 
Cryptorhopalumay sp. = a ke ee | PRI CL SIS Ses ak ase ne oa a ee 1 
ELD UG TUG) AYO ase hs ae ah 1 
MWC DLOSLUUUS) BSW Le ayes 3 AMPHIBIA. 
Metachroma sp-- 2 | Bleterodactytus span nannanam : 


SYCAMORE WARBLER. Dendroica dominica dominica (Linnzus). 
REINITA, BIJIRITA DOMINICA. 


Sundevall (1869, p. 596) notes one specimen of the sycamore warbler received 
from Hjalmarson, while Gundlach (1878, p. 184) found it a common winter 
visitant from September to March. I did not meet with it. 


MYRTLE WARBLER. Dendroica coronata (Linneus). 
RBEINITA, BIJIRITA CORONADA. 

The myrtle warbler is a tolerably common winter visitant. The first was seen 
January 5 in the plaza at Caguas, and from then on it was noted occasionally 
in the forests and more open growth. In February, about Mameyes, there seemed 
to be some migratory movement among these birds. The last one was seen in 
the town of Isabel II, on Vieques Island, April 1. 

Only four stomachs of this bird were secured in Porto Rico, so that the food 
— ean be merely indicated. Caterpillars completely fill one stomach and form one- 

. fourth of the contents of another. The remains of small Homoptera are promi- 
~nent in two stomachs. One bird had eaten a large number of Diptera, and 
small particles of beetles occur twice. Spider remains form three-fourths of 
the contents of one stomach and are found in small quantities in another. This 
is the only element in the food that counts against the bird, the majority of the 
insects taken being harmful species. From the meager data available this 
warbler while in Porto Rico seems to conform in food habits with the prairie 
warbler and others of the same genus. 


BLACK-THROATED BLUE WARBLER. Dendroica cerulescens cerulescens (Gmelin). 
RBINITA, BIJIRITA APLOMADA. 

Gundlach (1878, p. 179) records the black-throated blue warbler for the island 
on the strength of a drawing seen in the album of Bello and on a record by Don 
Tomas Blanco. Stahl (1888, p. 189) had a specimen in his collection from Porto 
Rico. I found it a rare winter visitant, noting the first at Rio Piedras December 
22 and the last on Vieques Island March 27, when several were observed with 
other migratory warblers. On El Yunque, in March, they were fairly common 
in the dense forests. They scold vigorously at intruders, and their demonstra- 
tions attract all the other birds in the forest. Near Rio Piedras they were eat- 
ing berries of the sapalo (Palicourea riparia). 

Hight stomachs of this bird were collected and in these animal matter forms 
75.5 per cent and vegetable 24.5 per cent of the contents. The vegetable food 
‘was found in the three stomachs taken in December and January and consisted 
of seeds of the camacey (Miconia prasina). Of the animal food 19.46 per cent 
is composed of lantern flies (Fulgoridse), which seem to be favorites with all 
warblers. Remains of other bugs come to &87 per cent, while weevils of various 
sorts make the large sum of 14.25 per cent. Among them were found a coffee 
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leaf-weevil (Lachnopus sp.), a shot-hole stalk-borer (Xyleborus sp.), and a 
eurculio (Huscepes porcellus). Wngraver beetles (Platypus sp.) were found in 
three stomachs. Longicorn beetles (2.17 per cent) were eaten three times. Mis- 
cellaneous beetle remains figure as 2.38 per cent. Though fragments of flies 
were found in two stomachs only, they comprise 10.09 per cent of the total. 
Moth remains were identified once and caterpillars twice, and together they 
amount to 6.7 per cent. In one stomach was an ant and in another small bits of 
a hymenopteran, which come to 0.96 per cent. Spiders were eaten three times 
and make up 12.62 per cent of the food. 

The black-throated blue warbler shares with others of its family a marked 
taste for lantern flies and other small Homoptera, all harmful insects. One- 
eighth of the food, as shown in these few stomachs, is composed of spiders, but 
a larger portion is made up of injurious weevils, caterpillars, beetles, and flies. 
Thus, though a migrant species, this warbler has considerable economic impor- 
- tarice. Because of its retiring habits it is little known, but may be discovered 
by those interested in birds who search for it. 


CAPE MAY WARBLER. Dendroica tigrina (Gmelin). 
RBINITA, BIJIRITA DH COSTA. 

The Cape May warbler is recorded as a winter visitant from fall until May by 
Gundlach (1878, p. 178), while Sundevall (1869, p. 596) received from his col- 
lector many specimens taken in winter. At present it appears to be rarer, as 
Bowdish (1902-3, p. 18) saw but one at Mayagiiez, October 30, 1901. I saw a 
single bird on Vieques Island April 4. 


MAGNOLIA WARBLER. Dendroica magnolia (Gmelin). 
RBINITA, BIJIRITA MANCHADA, 

The magnolia warbler is a rare migrant and winter visitant. The only cer- 
tain record is that of Bowdish (1902-3, p. 18), who found it at San Juan Sep- 
tember 26, 1899, and Mayagiiez December 26, 1900. Gundlach knew the bird 
merely from a ‘drawing in the album of Bello. 


PORTO RICAN YELLOW WARBLER. Dendroica petechia bartholemica Sundevall. 
CANARIO DEL MANGLAR, REINITA. 

The Porto Rican form of the yellow warbler, a common resident, has a pecu- 
liar distribution, being confined entirely to the coastal plain and coming inland 
along the courses of the rivers to the base of the foothills... It never goes far- 
ther, except around Quebradillas, where the birds were distributed over the high 
flats 300 or 400 feet above the sea. In December and January, in the region 
about San Juan, these birds were confined mainly to the mangroves and the 
narrow strips of bushes immediately back of the beaches, but by the first of 
February they began to appear inland more frequently and were common about 
Rio Piedras in shade trees near houses. Whether its distribution is similar 
in other portions of the island can only be determined by further observation. 
At Bayamon they were found in scanty growths of grass and weeds on the 
gravel bars in the Bayamon River. At the Laguna de Guanica there were no 
bushes or mangroves, so that the birds frequented reeds and clumps of marsh 
grass. In all the coast towns a pair or two nest in the plazas, if there are 
Suitable trees. They are very quick and active. The song of these birds, like 
that of Dendroica estiva, is loud and cheery, and the eall note a sharp chip. 
From February to June, which corresponds to the breeding season, the males 
sing the whole day long. July 8 at Manati a young bird just from the nest was 
taken, and after this date they were common. The adults apparently remain 
paired throughout the year, as even the last of August at Cabo Rojo, when 
they were molting badly, male and female were invariably found together. 
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Food.—The 63 stomachs collected show nothing but animal matter (100'per 
eent). These represent the food from January to August, inclusive, in Porto 
Rico, Vieques, and Culebra Islands. 

This species may be listed among the bird enemies of the mole cricket 
(Scapteriseus didactylus), as an adult male collected at the Laguna Ge Guanica 
on May 26 contained in its stomach a mandible and other remains of a changa. 
Other orthopteran remains (7.21 per cent) were present in 14 stomachs. Lan- 
tern flies (Fulgoridz), present in this species again in large numbers (17.6 per 
cent), were detected in 28 stomachs. Other Homoptera (7.24 per cent) were 
largely cicadas (Proarno hilaris). Other bugs, partly predacious, though two 
stinkbugs and a few bug eggs are included, amount to 3.03 per cent. Longicorn 
beetles (2.7 per cent) were present in 5 stomachs, while small leaf-beetles (1.88 
per cent) were taken 12 times. Two species of flea beetles (Systena basalis 
and Chetocnema sp.) were each taken by two birds. Small beetles of this 
group are found to be injurious almost invariably to some of the vegetables 
grown in fields and gardens. Click beetles (4.96 per cent) were great favorites 
in the mangrove Swamps, and among the weevils (1.21 per cent) may be men- 
tioned a shot-hole stalk-borer (Xyleborus sp.). Fireflies come to 1.99 per cent 
and miscellaneous Coleoptera to 1.88 per cent. 

Diptera (8.16 per cent) were present in 16 stomachs, in one case a flesh fly 
(Compsomyia macellaria) that deposits its eggs in sores or injuries in the flesh 
of living animals, or even in the nostrils of man. The larve, known as screw 
worms, are much dreaded, especially in tropical countries, as in many cases 
their attack is known to be fatal. That this bird is active in the pursuit of 
insects is attested by the fact that moths were eaten by 18 birds, and these with 
. caterpillars taken by 9 birds amount to 11.95 per cent. Ants make up 0.58 per 
‘cent and other Hymenoptera 8.72 per cent. These last were contained in 26 
“stomachs and were largely small insects of parasitic habits. A species of 
Kapala, which infests ants, was taken once and indeterminate chalcids were 
noted three times. A peculiar sawfly, with two-branched antenne, was found 
in one stomach. Spiders (18.07 per cent) were eaten constantly and appear 
in 31 stomachs. Two dragon flies and two earwigs with a small portion of mis- 
cellaneous matter form the remainder (2.57 per cent). 

In the foregoing outline of the food of this bird it will be seen that approxi- 
mately 28 per cent of the bulk is made up of insects of a more or less beneficial 
nature, as spiders, parasitic Hymenoptera, dragon flies, and some bugs. Against 
these, however, stand the 70 per cent and more of other insects consumed, prac- 
tically all of harmful species. Among these are some great pests, the lantern 
flies, nearly all of the beetles, Lepidoptera, and others. Thus the yellow 
warbler is one of man’s friends. 

The following insects were identified in these stomachs: 


ORTHOPTERA. COLEOPTERA—continued. 
Scapteriscus didactylus ————- = = i>) Cryptocephahis | sp= = 8 
Myochrous ‘spe eS eee 1 
' HEMIPTERA,. Systena) basdlis=2 eee ee 2 
Ormenis Sp_---~----~-------------- 11 | Chetocnema sps--22-22=-+2=-- 2 
PTO TWHITIS = ee ee 3 | Mordellistena Spd cea Mae tea 1 
AYl€COTUS SPise t= == ee eee 1 
COLEOPTERA. 
Scymnus roseicollis ___-____-_-_-_-___ 1 DIET eR. Si3 
Cryptorhopalum sp_—~-------------~ 1 | Compsomyia macellaria_____-------- 1 
Man oCreniiiis Spee =a ee 8 . 
Photinus vittatus____________--____ 3 HYMENOPTERA. 
PIOUNUS T QLOUCNS 222 2 


LeprostyiuaVspoe Sse wea ee et 24 Kanala spite. See eee 1 
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NORTHERN PARULA WARBLER. Compsothlypis americana usnew Brewster. 
RWINITA, PHCHO DH ORO. 

The parula warbler was the most common of the migrant warblers in Porto 
Kiico. It is found everywhere in forest growth, and occurs frequently in mango 
trees in pastures. In the forest it is the noisiest of the birds that gather to 
scold an intruder, and is always active, working quickly through the limbs or 
catching insects on the wing. Bowdish (1902-38, p. 18) records the first fall 
birds October 25, 1901, and November 5, 1900, and in 1912 the last were observed 
near Salinas April 80. One was observed,March 8 at 3,000 feet elevation on 
El Yunque. Migratory movement was apparent among them by February 14, 
and after this the birds were very restless, especially during early morning, 
and there was a tendency to work from east to west. In March and April 
there were distinct waves of migration. 

Food.—In studying the food of the parula warbler 61 stomachs from Porto 
Rico were examined, representing the months from December to May, inclusive, 
and all parts of the region under discussion. Animal matter amounts to 97.7 
and vegetable to 2.3 per cent. The vegetable matter consisted of seeds of small 
berries of the camacey (Miconia prasina) and others and was found in five 
stomachs collected in December, January, and February. 

The animal food is of much more importance and includes a large number 
of insect pests. Lantern flies (Fulgorids) (19.09 per cent) were identified in 
29 stomachs. These with other homopteran remains (6.85 per cent), partly of 
the same family and partly from closely allied groups, all of which are harmful, 
show that a little more than one-fourth of the entire food is composed of these 
pests. Other bugs (3.69 per cent) comprise small numbers of leaf bugs, species 
of the chinch bug family, stinkbugs, and a few predacious assassin bugs. 
The birds are fond of beetles, and this order supplies 22.53 per cent of the food, 
nearly all being injurious species. Ladybird beetles (1.86 per cent) were pres- 
ent in 14 stomachs. lLongicorn beetles (1.68 per cent) were taken 11 times, and 
leaf beetles of several species (7.95 per cent) were eaten by 30 of these birds. 
The major portion belong to the abundant genus Cryptocephalus, and several 
species are represented. Darkling beetles figure as1.01 per cent and skin beetles 
0.45 per cent. Scarred-snout weevils were eaten by eight birds, and among these 
the coffee leaf-weevil (2.02 per cent) was taken three times at least. Other 
weevils (2.57 per cent) include two shot-hole stalk-borers, several curculios, and 
others. Miscellaneous beetle remains make up 5.49 per cent. 

Ants (0.17 per cent) were eaten five times, while other Hymenoptera, all 
small species, come to 3.57--per cent. Flies were captured by five birds and 
amount to 1.19 per cent. In 18 stomachs were caterpillars, sometimes mere 
fragments of skin, and in four others occurred moths. These together com- 
prise 10.44 per cent of the total food. Fragments of spiders (29.53 per cent) 
were identified in 29 stomachs. A small portion of miscellaneous animal mat- 
ter amounts to 0.26 per cent. 

From the tabulated data as presented above the beneficial insects, counting 
the large number of spiders, amount to practically 35 per cent, and harmful 
species form the rest of the bulk exclusive of the small percentage of vegetable 
matter. The bird is thus seen to be a beneficial species. In winter it is the most 
abundant of the warbler family on the island and frequents localities where it 
ean do much good; so that while not resident, it is one of the most valuable 
of the regular migrants. 
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A list of identified material taken from these stomachs follows: 


HEMIPTORA. 4 COLEOPTERA—continued. 
Ormenis (Sssasesa5 sSaaa Gees aa 2°! Myochrous sp. peek 
Pettigonia sp--—-—---------~-~--—- 1 | Ceratoma denticornis______________ ey Ua 
Lecanium sp-----~---~----------~--- 3: |. Chetocnemolspie. Ue 4 
COLEOPTERA. Se ni Ten NREL) abd Var an oe ; i 
Olibrus Sl a SS Se eS Gl Lachnopus) Spi. ees ane sacar nS) 
Scymnus roseicollis____-_____------- 2 | Huscepes porcellus ___-____________-_ 1 
Scymnillus sp --_-_------------_---- 8 Pseucomus spyi2 22 ee es 1 
Hyperaspis apicalis_______-_-_-------~ 2 Platypus speculate es ae D) 
Litargus sp ----------------------- Ll Xylebonis bsp Lee Cae ae aa 2 
Cryptorhopalum sp-—-----------_---_- 5 
Photinus sp----------------------- 3 HYMENOPTERA. 
Photinus vittatus_______-_---------- 1 
PLNUS, Vee eae ee ee Se Noe Bae 1 | Wasmannia auropunctata ___________ 1 
Beptostylus, splsa22 eh q 
Cryptocephalus sp_—__---------_----- 20 saaban aa ks 
Cryptocephalus pusio__-___----__--_- 9 | Tetragnatha sp-—2=—-—-- == eee 1 
Chiamys SPpas25 2 se2 555 22 Sees 2): Angyrodes, sp eee 1 


BLACK AND WHITE WARBLER. MUMniotilia varia (Linneus). 
REINITA, GUSANERO, TREPADORA. 

The black and white warbler is a winter visitant to Porto Rico, Vieques, and 
Culebra Islands. The species was common the middle of December, though 
apparently migration was still going on, and the last bird for the Spring was 
noted at Salinas April 30. This species frequents all forest growth and shade 
trees about houses, creeping up and down tree trunks and working through the 
‘limbs after insects. 

_ Food.—In 11 stomachs which were critically examined animal matter amounts 
to 100 per cent. The months from December to April, with the exception of 
February, are represented in this small series. Harwigs were eaten by five 
birds and come to 8.5 per cent. Orthoptera are represented in four cases and 
make up 27.06 per cent. Walking sticks were taken twice and a grasshopper 
once. Lantern flies, found in three birds, amount to 8 per cent, and other bug 
remains to 0.75 per cent. Beetles form the largest portion of the food and are 
found in larger or smaller quantities in all the stomachs examined. Longicorn 
beetles come to 5.61 per cent, leaf beetles to 1.06 per cent, and darkling beetles 
to 1.37 per cent. Scarred-snout weevils were eaten by three birds and amount 
to 8.17 per cent, while other weevil remains were encountered in eight stomachs 
and total 19.58 per cent. Engraver beetles (Platypus sp.) were taken by this 
species, as well as by others previously mentioned. Other beetle remains come 
to 4.92 per cent. Lepidoptera (5.63 per cent) are represented by two moths, a 
eaterpillar, and a pupa. Hymenoptera were taken in small numbers by two 
birds, but only comprise 0.56 per cent of the total. Spiders form 8.79 per cent. 

The black and white warbler is thus a useful species. The large number of 
weevils destroyed by the few examined is noteworthy, as are the percentages 
denoting the quantities of Orthoptera, lantern flies, and miscellaneous beetles 
eaten. 

The following were identified in these stomachs: 


HEMIPTERA, COLEOPTHRA—continued. 
OENVENES AS Bee Lae hae Lema (spin 22 eee aE nite eee splits 
Cryptocephalus sp ---------_-----_-_ 1 
GOLEOPTERA. Metachroma: sp 1 
Platydema virens ____-_-___-___=--_- 1 
Endeitoma granulata____._-__-_----_- 1) Helops: spe22 2 ee eee 1 
Aulonium bidentatum__.___-_-------- 1 | Huscepes porcellus _-__--_---_------ 3 
Leptostylus sp._+-------~..--------- 1 | Platypue sp il 2 2s eee 3 
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PORTO RICAN BANANAQUIT, PORTO RICAN HONEY CREEPER. Ccreba por- 
toricensis (Bryant). 
REINITA, RHINA, GUSANERO. 

The honey creeper was a common resident in all the localities visited. In 
Porto Rico it is without question the most abundant bird, being found every- 
where in the mangroves lining lagoons and bays, along maya hedges, through the 
eane fields, in mango trees in the pastures, in coffee plantations, thickets, and 
small forests, seemingly being able to adapt itself to all conditions. It is the 
only bird common in the dense, humid forests clothing the higher slopes of El 
Yunque, and the species is equally common on the dry south coast, where rains 
are infrequent. Honey creepers are very quick and active, and when resting 
for an instant flit the wings rapidly with a kingletlike motion. In the maya 
hedges they work quickly along, going out frequently into the cane fields. It is 
one of the few birds common in coffee plantations, far outnumbering all the 
other species found there. These creepers are very tame and trusting, coming 
about houses, searching the eaves for spiders, and even entering open doors and 
windows. In the little cafetins in the barrios it is a common practice to place 
sirup on the counter for them, and a pair will visit this supply daily. 

The song of this bird is incessant and is an insectlike trill that may be likened 
to the syllables zee-e-e-e swees se tee, the first part given slowly in a thin, high 
tone and the last more rapidly. In the dark forests of Hl Yunque this was the 
only song heard. Nothing appears to daunt them. Near Adjuntas, after a 
cloudburst, where the torrents of rain were accompanied by violent, shifting 
winds, the honey creepers were singing cheerfully the instant the heaviest part- 
of the downpour was over. The young begin singing as soon as they are fully 
feathered and frequently are breeding before they have lost the juvenal 
plumage, when they can not be more than 6 or 7 months old. 

The nesting season extends without break throughout the year, though nests 
are most abundant from February to June. Several broods are raised; how 
many can be told only by extended observations of one pair. The nests are 
common and many are built in exposed localities. They are globular affairs, 
placed at the tips of limbs in a semipendant fashion, from 5 to 30 feet from the 
ground, and built of weeds, leaves, and grasses, lined with finer material. The 
opening is always underneath. Both sexes assist in building, bringing straws 
and other material and fixing them in place, at first forming merely a rounded 
mass. Although the male is allowed to assist, he brings material only when the 
female is absent, as, should she catch him in the nest, he is immediately 
driven out. 

The nests, when empty, are used as sleeping quarters, and these birds sleep 
late, not coming out in the morning until half an hour after other birds have 
become active. The usual number of young is two or three. The nests of this 
species should be protected rigidly, as hundreds of eggs are now destroyed 
wantonly by boys. 

All the flowering plants are searched by honey creepers in their quest for 
food. The molinillo (Leonotis sp.) was perhaps visited most frequently, the 
birds clinging to the rounded flower heads and probing each one in turn. The 
muneco (Cordia collococca) and bucare (Hrythrina sp.) also, when in blossom, 
proved a great attraction. The flowers of the banana contain much nectar, and 
these are visited often. The birds are said occasionally to pierce ripe bananas, 
but as the bunches are usually cut while green, the damage is negligible. One 
taken near Cayey January 17, 1912, had the throat filled with pulp of red rasp- 
berries (Rubus rosifolius), and it was not unusual to find clear nectar in the 
esophagus. Near Rio Piedras one visited a ripe guanabano (Anona muricata) 
that had been torn open by a spindalis, and ate for nearly five minutes, hang- 
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ing head down from a twig above and pulling and nibbling at the inside of the 
fruit. Other undamaged fruit in the same tree was not touched even after the 
one that was already open was removed. There is some complaint among fruit 
growers that this species pricks and destroys oranges but though much time was — 
spent in the groves nothing of this kind was seen, the nearest approach to it 

being when fully ripe fruit had been opened by other agents, then the honey 

creepers visited it for the juice. Those seen in citrus groves were invariably - 
feeding om insects. 

Food.—Because of the complaints made by many people against these birds 
much time was devoted to watching them, and a considerable number were col- 
lected. One hundred and forty-nine stomachs were examined, and in these 
animal matter amounted to 97.56 per cent and vegetable to 2.44 per cent. These 
birds were collected on Porto Rico, Vieques, and Culebra, in the months from 
December to August, inclusive. The vegetable matter consisted of seeds in six 
stomachs (in one case of Chenopodiwm sp.) and of vegetable fiber in three others, 
so that in no ease did it have any particular significance. The stomach itself 
is very small in proportion to the size of the bird, appearing merely as a knot 
at the juncture of the esophagus and intestine. The birds undoubtedly feed 
to a great extent upon nectar and other sweets, but just how large a portion of 
their nutriment is secured from this source can not he determined. However, 
each stomach, small as it was, was usually filled with animal matter, and from 
it can be determined the economic status of the species. Lantern flies (Ful- 
goride) appeared in 33 instances and amount to 14.52 per cent. In two cases 
they form the entire bulk of the stomach contents, and large percentages occur 
in several. Only one other bug was identified in this series of stomachs. Leaf 
‘beetles, among which were several flea beetles, amount to 2.11 per cent, and 
longicorn beetles to 0.85 per cent. Ladybird beetles were found in 10 stomachs 
and constitute 1.87 per cent. They were the only beneficial beetles eaten. 
Weevils are well represented, coffee leaf-weevils, found 10 times, coming to 1.79 
per cent. Curculios and billbugs comprise 0.8 per cent, engraver beetles 1.55 per 
cent, and a few miscellaneous weevils 0.47 per cent. Beetle remains other than 
those mentioned above figure as 2.89 per cent. 

In no less than 96 stomachs were bits of caterpillars, while one other contained 
a pupa and a moth. These form 37.56 per cent, the largest item in the food of 
the bird. Nearly all the caterpillars were small and very young. They form 
much of the food through all of the months represented, the maximum, 46.42 
per cent, being contained in a collection of 86 stomachs secured in March. Re- 
mains of flies were encountered in 13 stomachs and come to 1.26 per cent, and 
ants in 17 birds amount to 1.28 per cent. Bits of other Hymentoptera (4.65 per 
cent) were found in 16 stomachs. They come mainly from the small parasitic 
groups, though a few from other families are represented. Spiders, nearly all 
young ones, and therefore indeterminate as to genus and species, were eaten by 
82 of these birds and a pseudoscorpion by one. These comprise 25.89 per cent of 
the bulk. Miscellaneous matter (0.58 per cent) includes a snail and some insect 
eges. An interesting result in these examinations was the finding in three 
stomachs of Thysanoptera, which were in two instances definitely identified 
(Ommatothrips n. sp.). These are insects of great economic importance in 
many cases, and birds eating them perform good service. They are so small and 
so fragile that they would be rapidly digested and eliminated from a stomach. 

One-third of the food of the honey creeper, as shown in the discussion above, 
is composed of beneficial insects, more than.25 per cent being spiders, some of 
which may be of doubtful value. Passing over the 2.44 per cent of vegetable 
matter, the remainder is composed entirely of harmful species. Tantern flies 
injurious to nearly all kinds of vegetation, several kinds of weevils, and large 


—— 


numbers of caterpillars are eaten greedily, while ants, flies, and thrips are 
taken in Jess number. The list includes many serious pests, against the attacks 
of which the agriculturist must guard, and in destroying them the bird is per- 
forming excellent service. Reports of the destructiveness of the honey creeper 
to oranges seem unsubstantiated, but if individuals form this habit they should 
be destroyed. Otherwise the species should be protected and encouraged in all 
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localities. The following were identified in these stomachs: 


THYSANOPTHRA. 


COLEOPTERA—continued. 


Ommatothrips n. sp--_------------- Physimerus sp-----~---~------------ 2 

Onyptlocepiaius spe 2S a 1 

HEMIPTERA. MUOCKTOUSISD sa a= ae ee et 1 

VE CCIVITOM WSS ee ee re 10 

Ormenis sp------~------~---------- BUS CODES Ol COWUS aa ea 1 
VITO Yvon ce a soe eS See 7a 

pp Ormnn es: GQoiloviniyisieS De ea te 1 

Scymnus MIFSERCOLLES ae ee Soke Caulophilus tatinasus —~-——-—_—--___—__ 1 

INGAAS 1S ae ee ee TAR WIPE) (SV a arr 3 

TLGERTETEN, ee EXILED OTS (SY) 2 

Like SPik Ss eee eens xAyleborus merms——————_——-_ 1 


HOODED WEAVER FINCH. Spermestes cucullata (Swainson). 
DIABLITO, CHUPADOR DH ARROUZ, GORRION. 

The hooded weaver finch, an African species, has become naturalized in 
Porto Rico, and is a common resident up to an altitude of 600 feet. Above 
that it was noted only at Cayey (1,275 feet) and Adjuntas (1,550 feet). It 
was evidently introduced many years ago, as Bryant (1866, p. 254) mentions 
that several specimens were taken on the island in the sixties. This species is 
usually found in small flocks of from 10 to 25 and frequents open banks of 
streams, borders of fields, and grass-grown pastures where food is abundant. 
Near Cabo Rojo they were very common, and flocks of several hundred were 
encountered. On the ground these tiny birds feed close together, clustering on 
the ripening heads of malojillo (Panicum sp.), busily eating. When flushed 
they rise in a close flock with low churring notes, and fly only a short distance 
to a tree, where the whole flock divides into twos and threes, the birds sidling 
along the limbs until they are as close together as possible... Near Cabo Rojo 
in August the young gathered in large flocks, and were evidently roosting at 
night in dense mango trees. 

In May they divide into pairs and breed. His nest found near Yabucoa May 
10 was built in a small tree on a steep slope, where the structure was visible 
from all sides. It was located about 6 feet from the ground, and was built of 
grass stems 8 or 10 inches long and well thatched in, but with the ends pro- 
jecting crisscross in every direction. The top was arched over, but the nest 
had a very untidy appearance. It contained one young bird about 3 days old, 
and three eggs on the point of hatching. The eggs were opaque white and in 
shape were elongate elliptical. 

Near Cabo Rojo the last of August these birds were preparing to raise a sec- 
ond brood, as the first were old enough to care for themselves. At Comerio 
they were feeding in seed-tobacco fields, where all the seed heads had not been 
collected, but unless very abundant they would not do damage. 

Food.—in -January, February, May, July, and August, 33 stomachs of this little 
weaver finch were collected, and with many of them the gullet was preserved 
also, as it was usually distended with seeds. The only animal matter in these 
was the elytron of a rove beetle. Large quantities of sand were found in all, 
and in a few were bits of snail shell, unquestionably picked up as an aid to 
digestion. Seeds of various grasses and a few of sedge constitute the entire 
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contents. These are nearly always shelled before swallowing and. in the giz- 
zard are soon ground up and digested. In eating these grass seeds the birds 
can be accused of no damage, though formerly they were said to injure rice 
when it was still soft. For their ordinary food, however, they prefer smaller 
seeds than rice, and as rice is little cultivated now because of the ravages of 
the changa this weaver finch seems to be a neutral species, though it destroys | 
numbers of crab grass seeds. At times it may feed on seeds desired for plant- 
ing, and then should be discouraged. A list of seeds eaten follows: 


Crab grass (Syntherisma sanguinalis) — 5 | Panic grass (Panicum sp.)_---__---- 2 
Ichnanthus (Ichnanthus pallens) —-_— 6 | Malojillo (Panicum fasciculatum)____ 17 
Egyptian grass (Dactyloctenium egyp- Paspalum (Paspalum sp.) —---------—~ 3 

tieum)\ Ses ee eee ee Paspalum (Paspalum millegrama)___. 20 
Smut grass (Sporobolus indicus) ----- 6 | Fimbristylis (fimbristylis sp.)------~ 1 


SCARLET-CHEEKED WEAVER FINCH. Amandava melpoda (Vieillot). 
VETHERANO, BENGALI, GORRION. 

Another African species that has becn introduced and naturalized in Porto 
Rico is the scarlet-cheeked weaver finch. Gundlach (1878, p. 206) found them 
abundant in 1874, and is the first to mention them. 'They are now found in the 
coastal regions from Mayagiiez to Yauco, which is practically the range given by 
Gundlach 85 years ago, except that he recorded them north to Anasco. They 
were seen at Yauco May 16 to 28; Cabo Rojo, August 24 to 31; and at 
Mayagiiez, June 6. The northern half of their range is very humid, while at 
Yauco and below Cabo Rojo it is equally dry. These birds frequent marshy 
growths and dense thorny thickets of rallo (Vachellia sp.), an acacia, and cane 
fields. They are spirited little birds with quick, nervous movements and 
when alarmed call continually. On the wing the long tail and short wings 
give them a quick, tilting flight, and they seldom fly far. When feeding they 
spread out somewhat, but when excited all bunch up, peering through the 
limbs, and then move away, keeping well under cover. In the middle of the 
day they feed on the ground, in patches of shade under bushes. In the cane 
fields they flush with quick calls, fly a few yards, and then drop back out of 
Sight. 

The ordinary call note is a low tsee tsee tsee and a low chattering call. Near 
Cabo Rojo, August 380, one female was seen feeding nearly grown young, 
regurgitating softened grass seeds from her throat to give to them. Bowdish 
(1902-8, p. 13) notes breeding birds taken May 23 and 30, presumably from 
Mayagiiez. 

Food.—In 19 stomachs of this odd exotic, collected at Yauco in May and 
Cabo Rojo in August, I found vegetable food only, with small percentages of 
sand as an aid in digestion. Grass seeds of several species furnished the bulk 
of the food and-were nearly always neatly shelled. A few amaranth seeds were 
found, and these were swallowed entire, the smooth hard surface of the seed 
not permitting them tobe readily split open, though the three-sided seeds of a 
sedge (Carex sp.) were neatly divested of their covering. Two immature birds 
had swallowed large quantities of grass seeds without hulling them, and oc- 
casionally adults ate small seeds in this condition. 

These weaver finches destroy small numbers of seeds of noxious weeds, 
though they prefer panic grass, but as they take no insects they are of little 
economie importance. 

The following list shows the seeds fed upon: 


= 


Crab grass (Syntherisma sanguinalis) — 5) Paspalum (Paspalum millegrama) —__— 5 
Smut grass (Sporobolus indicus) ____~ 5 | Sedge (Caren sp) 1 
. Ichnanthus (Ichnanthus pailens) ____~ 3 | Amaranth (Amaranthus sp.)—-------- 5 


- Malojillo (Panicum fasciculatum) ____ 6 
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BOBOLINK. Dolichony oryzivorus (Linneus). 
CHAMBERGO, 

The bobolink is a rare migrant. Pelzeln (1871, p. 199, footnote) says that a 
specimen received from the Paris Museum is marked Porto Rico, and Gundlach ’ 
says that it has been taken on Vieques Island, where previously recorded by 
Cory (1892, p. 110). 


YELLOW-SHOULDERED BLACKBIRD. Agelaius zanthomus (Sclater). 
MARIQUITA, CAPITAN. 

The yellow-shouldered blackbird is a common resident in Porto Rico. There 
appear to be a few of these birds on Mona Island, as Bowdish (1902-3, p. 12) 
recorded one, and Cory (1892a, p. 229) received two collected by W. W. Brown, 
jr., in February and March, 1892. In Porto Rico the species is found mainly 
below an altitude of 800 feet, and is most abundant in the coastal region, follow- 
ing inland along the open valleys of the larger streams. Lares (1,200 feet) was 
the highest point at which they were observed, none being seen in the high 
central mountain range. In fall, winter, and spring this species moves over the 
country in small flocks, returning at nightfall to some clump of trees or man- 
groves to roost, so that it is common to see them flying back and forth morning 
and evening. The flight at such times is direct, though undulating, and an occa- 
sional flash of yellow shows on the wing. In the mangrove swamps a small 
party frequently feeds in close array on the wet ground, or single individuals 
clamber through the branches absorbed in their search for food. Often they are 
seen climbing actively up and down the long fronds of the coconut palms, in 
oriole fashion, or walking sedately among the cattle in pastures. 

The common eall note is a sharp chick that is indistinguishable from that of 
the Porto Rican oriole, and a low chuck is often heard. About the nests they 
have the sharp, staccato, scolding. notes of the red-winged blackbird of the North, 
given as they circle and wheel overhead. The males do not sing a great deal, 
though odd, wheezy, or reedlike notes, resembling those of the yellow-headed 
blackbird, are sometimes heard. 

The breeding season is in May and June, sometimes as early as March, and 
the young are usually out of the nest by the end of June. The nests of this 
species appear always to be built in coconut or royal palms, the birds nesting, 
as a rule, in small colonies or sometimes in pairs. When the nest is in a royal 
palm, the male spends most of his time on the tall projecting spike in the crown, 
where he postures with drooping wings and spread tail, but sings very little. 
When alarmed, the female flies up and clings to the side of the spike, just below. 
him, both scolding vigorously. All the nests observed were in the axils of the 
long leaves. The birds feed near the nest, walking about on the ground, and 
sometimes wading in shallow water. As soon as the young leave the nest, all 
gather in small flocks, at first remaining near the nesting colony, but as they get 
stronger on the wing going farther afield. At this season they avoid the intense 
midday heat by frequenting coffee plantations, clumps of bamboo, and shaded 
perches. 

In mixed flocks with the Porto Rican grackle, this species feeds in newly 
plowed fields and in cane fields while the growth is small, following the plow for 
the grubs and insects exposed. In this way they do much good. Around 
Manati large flocks of old and young frequent the citrus groves, feeding on the 
ground and flying up to perch in close flocks in the trees, the dead limbs being 
preferred. In spring, with the other blackbirds, they frequent the bucare trees 
(Hrythrina sp.), probing the handsome blossoms for their nectar. 


1 Ornithologia Cubana, 1893, p. 118. 
9767°—Bull. 326—16——8 
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Food.—From January to July, inclusive, 55 stomachs of this bird were col- 
lected and later examined in the laboratory. In the primary allotment animal 
food amounted to 90.1 per cent and vegetable to 9.9 per cent for the period 
under consideration. Weevils, other beetles, cutworms, and caterpillars com- 
prise by far the greater bulk of the animal matter, while of the vegetable food 
a little more than half is composed of corn. 

Animal food.—Feeding upon the ground, as other blackbirds do, and in the 
trees, as its relatives the orioles do, a wide range of animal food is secured by 
this bird. Orthopterous remains (1.95 per cent) in six birds are formed largely 
of grasshopper eggs and the odthecz of roaches, though remains of adults were 
found. WHarwigs (Forficulide) (1.87 per cent) secured in searching oriolelike 
through the branches of trees were eaten by five birds. Homopterous remains 
(5.7 per cent) are composed of tree hoppers and lantern flies, with bits of a 
cicada. Other bug remains (3.386 per cent) are of predatory species in part at 
least. Leaf beetles constitute only 1.69 per cent, though present in 18 instances. 
Flea beetles and tortoise beetles were represented, though the larger number 
were unknown species of the genus Cryptocephalus. ‘The cane root-boring 
weevil (Diaprepes spengleri) was eaten nine times and amounts to 1.72 per 
cent. Other scarred-snout beetles to which family this pest belongs comprise 
10.15 per cent and were found in 16 of the gizzards. Among them were several 
coffee leaf-weevils (Lachnopus sp.). Curculios total 2.13 per cent and other 
weevil remains 1.92 per cent, so that weevils as a whole constitute nearly one- 
sixth of the entire food. Cerambycids (0.81 per cent) were taken in small 
quantities, and miscellaneous Coleoptera figure as 16.79 per cent. 

Caterpillars were found in 30 stomachs, lepidopterous pup in 3, and a moth 
in 1, all forming 28.32 per cent. A large part of those first enumerated were 
- cutworms, picked up in cultivated fields. The greatest quantities were eaten 
in January and February. The remains of Hymenoptera (1.03 per cent) include 
a number of ants and a wasp, as well as some unidentified fragments. Diptera 
(3.65 per cent) were taken sporadically, the largest number being secured in 
January. Spiders eaten by 13 birds amount to 7.83 per cent, snails found in eight 
instances figure as 1.56 per cent, while miscellaneous animal matter forms 0.43 
per cent. A list of identified species follows: 


HEMIPTHRA. COLEOPTERA—continued. 
PY OULNO NGOS ee re eee ee Ll Cru ptLOCe DMO Seis) =a eee ey 18 
PRYMALG Sp oes Soe See ae eae 1 NS SYSTENG? OWS Cis eee ee earn ee 2 
Coptocycla signifera________________ 1 
COLEOPTERA. Anthicus floralis____-__-___________ 1 
Diaprepes spcnglent= = ee 9 
Monocrepidius bifoveatus____________ AA TECK NO) DOS (Sov S os Se eos el ee 6 
PROTUS NG UGULCUS ee Sel) PATIOS OOS YOO ROQUATS aa 1 
TEFOUTTD ASP te Be SOMOL SENS SA SL ee 1 | Metamasius hemipterus_____________ 1 


Vegetable food.—More than one-half (5.73 per cent) of the vegetable food is 
composed of corn taken entirely in May and June. For June it totals 36.87 per 
cent and was present in 10 of the 15 stomachs examined for that month. In 
May only 2 birds in 18 had taken any. In June flocks of these birds were feed- 
ing in ripening fields of corn near Lares. The adults were feeding their young 

out of the nest on the soft kernels taken from the ear. Though the birds were 
not seen actually eating the grain, the terminal kernels of a small number of . 
ears in each field were missing, and bits of the grain were found in the bills and 
throats of some of the birds shot. Two birds collected in a cornfield near 
Ciales on July 17 had not touched the grain. 

Other vegetable food consisted of seeds of grass, a few unidentified seeds, 
3.71 per cent in all, and a small quantity (0.85 per cent) of vegetable rubbish. 


BIRDS OF PORTO RICO. 115 


Summary.—Roughly estimated, nine-tenths of the food of the mariquita is 
levied from the animal kingdom and large numbers of harmful insects are de- 
stroyed. Weevils especially are favorites, and comprise several serious pests 
of sugar cane, coffee, and other crops. Cutworms, too, are much relished, and 
a host of other forms, among which only spiders may be considered useful, 
make up the remainder. Of the remaining one-tenth of vegetable matter a little 
more than half is composed of corn taken from the ear when still in the milk. 
For the entire year this is a small amount, but during June some damage is done 
locally, and in such cases the blackbirds should be driven out by shooting or 
other means. In some instances it was found that the birds, though flocking in 
cornfields, did not touch the grain, so that before disturbing them there should 
be evidence of sufficient damage to warrant it. Throughout the season as a 
whole this blackbird is beneficial, and should be allowed a small toll of grain as 
part payment for its usefulness. Care should be taken not to mistake the dep- 
redations of rats in the cornfields for the work of the blackbirds. Rats are in 
some eases very destructive to grain in localities frequented by the blackbirds. 
The blackbird merely pecks open the end of the ear and pulls off the kernels, 
while the rat gnaws off the husixs, dropping a pile of refuse to the ground below 
and frequently destroying half the ear. 


PORTO RICAN ORIOLE. Icterus portoricensis (Bryant). 
CALANDRA, CALANDRIA, 

The oriole is resident on the island of Porto Rico. It is common in the coconut 
palms near the coast, and inland it frequents coffee plantations and second- 
growth forests, where, Swinging head down, it finds and destroys many cater- 
pillars. It is rather wild at times and keeps well concealed, and again comes 
into shade trees about the houses. This bird has the most beautiful song of all 
the Porto Rican species—a clear whistle of several notes, pitched rather high. 
It sings mainly in the morning and evening, and is one of the few birds heard 
at daybreak. The ordinary call note is an oriolelike chick or chuck, and the 
birds also have a thin, high note like pe-ee, resembling the call note of the gold- 
finch or siskin. 

The breeding season extends from the first of May to the middle of July, and 
after the middle of June young in first plumage are common. The adults begin 
to molt then. This species breeds while in first-year plumage, and several pied 
specimens were taken. The only nest located was in a grove of coconut palms 
north of Manati, on July 8. It swung from the underside of one of the long 
leaves, and was supported under the center of the rib by four radiating ‘ straps,” 
firmly attached, leaving only a small space between it and the underside of the 
midrib to serve as an entrance. It appeared to be woven strongly of fibrous 
materials. 

The oriole is very fond of the sweet flower juices of plants and trees, the 
bucare (Hrythrina sp.) being visited frequently when in blossom, while the 
abundant nectar of the banana is a great attraction, several birds visiting a 
single flower in rapid succession. Near Aibonito the birds were seen eating 
the pulp and juice of overripe wild sweet oranges (chinas) and had opened half 
a dozen on one tree. As the fruit in cultivated groves iS picked long before it 
reaches this stage no damage results. 

Food.—F rom January to August, 71 stomachs were collected and on detailed 
examination these show 99.84 per cent of animal matter. Two birds had 
secured a little vegetable rubbish and one had eaten the hard flinty seed of a 
grass (Olyra latifolia), which in all amounts to only 0.16 per cent. Harwigs, 
some of them of large size, were found in 40 stomachs, though often only the 
curious nipperlike caudal forceps remained after the processes of digestion, 
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They amount to 24.386 per cent of the total, and as their habits in the Tropics 
seem little known must be regarded as neutral species. Four of the birds se- 
cured in April and May had eaten the mole cricket (Scapteriscus didactylus), 
though in small quantity (0.21 per cent). Other Orthoptera (7.2 per cent) 
were eaten 18 times and were composed in great part of other crickets, roaches, 
numbers of roach egg cases, and a few grasshoppers and their eggs. Cicadas, | 
found in nine stomachs, form a considerable share of the bulk (7.56 per cent). 
Other pug remains, a stinkbug, tree hoppers, and some other fragments, total 
1.86 per cent. 

Weevils form one-seventh of the entire food, and among them the scarred- 
snout beetles are the best represented (12.89 per cent). The cane root-borer ~ 
(Diaprepes spengleri) was eaten 8 times, the coffee leaf-weevil 11, and mem- 
bers of this family were identified in 30 stomachs. Curculios come to 0.6 per 
cent and miscellaneous Rhyncophora to 1.72 per cent. A few leaf beetles were 
eaten regularly (1.22 per cent) and darkling beetles were taken in small num- 
bers (1.40 per cent). Miscellaneous matter (1.63 per cent) consisted of a 
scarabeid, a firefly, four click beetles, and a few longicorns and buprestids. 
Lepidoptera (4.3 per cent) were well represented by caterpillars taken by 16 
birds, and a moth and a pupal case in one instance each. Hymenoptera com- 
posed of ants, wasps, and wild bees comprise 2.44 per cent, and flies 0.22 per 
cent. Forty birds had eaten spiders and one a scorpion, which come to 31.67 
per cent. Miscellaneous matter, largely vertebrate, amounts to 1.06 per cent. 
Small tree toads were secured three times and one little lizard was eaten. 

With the exception of spiders, which form a little less than one-third of the 
food, and a few vertebrates, the animals destroyed by the Porto Rican oriole 
are in the main harmful species. In searching through the trees the bird 
- secures numerous scarred-snout beetles and other weevils, a group which con- 
tains some of the most serious pests of the region. Grasshoppers, roaches, 
crickets, and caterpillars are taken in numbers. The oriole is one of the bene- 
ficial birds frequenting coffee plantations and, having abundant shelter and 
building inaccessible nests, the bird will continue to hold its own. 

The following were determined in the stomachs examined: 


EUPLEXOPTERA. | COLEOPTERA—continued. 
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COLEOPTERA. 
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‘“ROUPIAL. Icterus icterus (Linneus). < 
TRUPIAL. 


Gundlach (1878, p. 209) notes the troupial, an exotic species, as naturalized 
_ near Quebradillas, and says that its food consists of various wild fruits and the 
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seeds of the royal palm. The bird is known to many of the Porto Ricans and 
at one time must have been fairly common. Now, however, it is very rare if 
not actually extinct. An oriole seen below Aibonito January 5, was thought to 
be this species, but identification was not certain. All the reports regarding 
its occurrence come from the western end of the island. The species is com- 
monly kept as a cage bird, and probably has been introduced in this manner. 


PORTO RICAN BLACKBIRD. JHoloquiscalus brachypterus (Cassin). 
MOoOzAMBIQUD, CHANGO. (PLATES VIII and IX.) 

The Porto Rican blackbird is one of the characteristic birds of the island, 
being found wherever there are cultivated fields. In the lowlands, below 500 
feet altitude, it is the most common bird, and above that it occurs in small 
numbers. 

The birds are found ordinarily in small flocks of from 3 or 4 to 25, feeding on 
the ground in the pastures or cultivated fields. The males strut about, holding 
the head and tail high, calling squeakily, while the females are more preoccu- 
pied searching busily for food. In flight the V-shape of the tail is much exag- 
gerated, the birds seeming almost deformed. In rising this is rather a hin- 
drance to them, and in flying up into a palm they sometimes go beyond the tree 
and then come back, not being. able to rise at a sharp angle. Their favorite 
perches are the royal and coconut palms, where they spend much time, walking 
up and down the broad leaf stems or sitting quietly in their shade. ‘The ordi- 
nary call note is a gracklelike chuck or a thin high tee tee tee, and the song may 
be represented by the syllables K’see ah—h—h, rather a wheezy effort, given 
with the wings spread and the tail deeply V-shaped. 

The breeding season extends from the 1st of May until the 10th of July, the 
birds usually nesting in colonies in royal or coconut palms, though at times an 
isolated jobo tree (Spondias lutea) is chosen. The royal palm is, however, the 
favorite location. The nests are constructed in the large seed clusters and at 
the bases of the long leaves, often in close proximity. The birds were con- 
tinually flying back and forth about the nests calling, singing, and posturing, 
making a scene of the greatest animation. Nest construction is carried on by 
the females, though the males always accompany them, strutting about on the 
ground and driving other intruding males from the chosen nesting site. Incu- 
bation, too, falls to the lot of the female, her spouse following her expeditions 
for food, but when the young are hatched both sexes care for them. After the 
middle of June the young commonly follow their parents, teasing for food, and 
when unnoticed protest vigorously. In August these family parties join in 
small flocks, remaining together until the next year. The flocks feed in the cul- 
tivated fields, pastures, or sometimes on the gravel bars of streams, where 
occasionally they wade in the shallow water, turning over the leaves for aquatic 
insects or, standing in water up to their bodies, splash and flutter in bathing. 

This species is widely recognized as the most beneficial on the island, and for- 
tunately it is also one of the most common. While the cane and tobacco fields 
are being prepared for planting, flocks of the birds follow the plow, feeding on 
the insects exposed in the overturned furrows. Even when the cane is well 
grown they follow the cultivator through the rows. In the breeding season it 
is common to see three or four fly from the low-lying fields inland into the foot- 
hills with a white grub shining in each bill. On the ground they walk rapidly 
along, peering from side to side and following the working peons closely. 

After the breeding season old and young were observed feeding also on wild 
fruits, among which were the following: Icaco (Chrysobalanus sp.), sapalo 
(Palicourea riparia), and moral (Cordia nitida). In spring the adults were 
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seen taking the nectar from the bucare (Hrythrina sp.) and the mumieco (Cordia 
collococca). Frequently birds had the throat full of this honey and the feathers 
of the head yellow with pollen. The manzanillo (Hippomane manchinella) also 
was eaten to some extent. 

Food.—The blackbird or chango is one of the best-known birds of Porto Rico, 
and its usefulness is almost universally recognized. Some of the current ideas 
of its food, based on observation alone, are mistaken, but so much good is done 
in othe; ways that the chango is entitled to a high place in the class of beneficial 
species. From December to August, 98 of these birds were collected in all parts 
of Porto Rico and in Vieques, and the contents of their stomachs later were 
scrutinized carefully. Animal food formed 93.38 per cent and vegetable 6.62 per 
cent. Blackbirds everywhere are recognized as almost omnivorous, and this 
species is no exception to the rule, all living creatures of small size being eaten. 

Animal food.—Though commonly considered one of the greatest enemies of 
the mole cricket (Scapteriscus didactylus), remains of this insect were found in 
only eight of the birds (0.21 per cent), most of them being eaten in July. The 
changas taken are nearly all nymphs. Remains of other Orthoptera (19.34 per 
cent) were found in 42 stomachs and comprise adults of grasshoppers, locusts, 
and crickets, with a few eggs of roaches, walking sticks, and others. Insects 
of this class are common in the pastures frequented by the blackbird and form 
an abundant food supply. Bugs of the homopterous group (2.02 per cent) are 
composed in great part of cicadas (Proarno hilaris), with a few lantern flies. 
Stinkbugs (8.82 per cent) were eaten 17 times, and miscellaneous bug remains 
come to 1.11 per cent. Adult May beetles (Lachnosterna sp.) were found in 
2 instances and larval scarabzids—white grubs—in 11, all amounting to 1.42 
per cent. In 23 birds collected in May, largely in cane fields under cuitivation, 

these form 9.47 per cent, and it is under such conditions that insects of this 

group are exposed to attack. Large numbers of the adult cane root-boring weevil 
were destroyed, this insect being identified in 89 stomachs. For the entire period 
this weevil amounts to 9.69 per cent, while for the months of April and May 
the bulk of it came to 26.67 per cent and 32.13 per cent, respectively. Remains 
of 11 were taken from one gizzard and from 3 to 6 were not unusual. The coffee 
leaf-weevil (Lachnopus sp.) was taken by 23 birds and amounts to 1.61 per cent. 
And though only 13 birds had eaten the slender-beaked weevil stalk-borer (Meta- 
masius hemipterus), it constitutes 5.44 per cent. This weevil was secured in 
March and in the months from May to August, inclusive. Mixed remains of 
eurculios and other weevils total 1.28 per cent and other beetle remains 1.06 per 
cent. 

Lepidopterous remains (11.15 per cent) figure largely in the food and occur in 
all the months except April. Thirty-nine birds ate caterpillars and six had ecap- 
tured moths. One stomach contained 16 cutworms as well as 3 adult cane root- 
boring weevils. Diptera (0.16 per cent) were present in small numbers and 
Hymenoptera (1.11 per cent) occurred frequently. This group, with only two 
exceptions, was represented by wasps and considerable numbers of ants, among 
which fire ants (Solenopsis geminata) occurred three times. Spiders were found 
in 30 gizzards and mites in 1. Two birds had eaten cattle ticks (Margaropus 
annulatus). One of these, taken in a brush-filled pasture on Vieques Island on 
‘March 21, contained 35 ticks, and the other from Cabo Rojo, killed on August 
31, had eaten 12 ticks, all greatly distended with blood, so that in this case they 
were undoubtedly picked from some animal. Snails (Subulina sp. and Planorbis 
sp.) were eaten regularly and comprise 6.Q2 per cent of the total. Amphibian 
remains (5.74 per cent) were encountered in 12 stomachs and were composed of 
both the common frog and little tree toad. Lizards (16.04 per cent) were found 
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in 384 stomachs. The ameiva was found twice, the other remains being those of 
small anolis. Miscellaneous animal matter comes to 1 per cent. 
A list of identified animal matter follows: 


ORTHOPTHRA. 


Neoconocephalus macropterus___----- 
Anurogryllus muticus_..__-_.-.-__~- 
Scapteriscus didactylus -.-.----~-=-- 
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LEPIDOPTERA, 
Alabama argiliacea __.--________~..~ Z 
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Metamasius hemipterus _-______--_---- 


Vegetable food.—Of the 6.62 per cent vegetable matter, 2.19 per cent is com- 
posed of corn. This was eaten by 13 of the 98 birds examined and was secured 
mainly in July, when it amounts to 11.82 per cent. The grain taken was con- 
sumed in December, April, and July. Seeds (largely grass seeds) amount to 
2.96 per cent and vegetable rubbish comes to 1.45 per cent. 

A list of identified species is appended: 


Crab grass (Syntherisma sanguinalis). 1 | Wild fig (Ficus sp.)-------_-------- 2 
Smut grass (Sporobolus indicus) ~~~ 1 | Amaranth (Amaranthus sp.)-------- 1 
Dichromena (Dichromena ciliata) ~~~ 1 | Purslane (Portulaca oleracea) —--_-~ 1 
COLTBICACIEE INOS) ea ee To | PAGin(CApsiCuitisD.) Sena =e 1 
INDGTRUSMEUSCLEMG SD. )ieoa 2k 8 1 | Concombre (Cucumis sp.)-----_-_—__ 1 


Summary.—Though the blackbird eats fewer mole crickets than is popularly 
believed, it consumes such large numbers of weevils, directly injurious to cane 
and other crops, that it should be classed in the foremost rank of beneficial 
species. Nearly one-fifth of its food is composed of Orthoptera, and many inju- 
rious bugs are destroyed. May beetles and white grubs are eaten voraciously 
and cutworms are favorites. Two of the birds examined had eaten cattle ticks 
and the birds were observed searching the cattle for them. Considerable num- 
bers of lizards and amphibians are eaten, and these with the corn consumed 
form the injurious elements in the food. Most of the grain taken was secured 
in July, and at least one-third of it was waste grain. However, should the 
blackbirds gather in large flocks to feed on grain it may be necessary to destroy 
some of them in order to drive others out. It should be ascertained first that 
they are doing damage, for they frequent cornfields, as they do the cane, for 
the shade offered from the heat of the sun. No instance of extensive damage 
to grain came to my notice, depredations being confined to a few ears, a toll 
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justified by the services of the birds in destroying harmful pests which would 
do much more injury if unchecked. In general the blackbird is a beneficial 
bird and the protection accorded it is well placed. 


GLOSSY COWBIRD. WMolothrus atronitens Cabanis. 
TORDO. 

According to Newton (1860, p. 808), a glossy cowbird (given as M. sericeus) 
was taken on Vieques Island by Mr. Riise. It can be regarded only as an acci- 
dental visitant. : 


PORTO RICAN TANAGER. Nesospingus speculiferus Lawrence. (PLATE X.) 
LLOREN, VERDOSO, VERDEDON DH HSPECULO. 

The verdoso was found on the eastern and northern slopes of El Yunque, 
ranging from the thickets and coffee plantations at an altitude of 700 feet to 
the dense, dimly lighted forests at the summit of the mountain; and was also 
common about Maricao, this being the first record for the western end of the 
island. Until the present time but little has been known of this handsome bird. 
Although the type is marked as taken by Gundlach, he says (1878, p. 190) that 
it must have been given him by Blanco in 1868, as he had no recollection of it. 
Dr. C. W. Richmond collected eight specimens on El Yunque in 1900, but the 
bird was apparently unknown to other collectors. In the present investigations 
a fine series of skins was taken and data on habits gathered. 

Though in these regions these tanagers were fairly common, they were not 
easy to secure. In passing along the trails one or two would be heard ealling 
at a distance, or one would appear suddenly in the bushes near by, scolding 
vigorously, but when silent they were very hard to find. The ordinary call note 
“is a sharp chewp chewp, repeated vigorously, while the bird is concealed in a 
’ growth of vines or in dense brush. Another note heard less often is a robin- 

like tsweep tsweep. 'The few natives acquainted with them know them as “the 
crying birds,” from their loud notes, but many living near their haunts knew 
nothing of them. In March, on El Yunque, they were spread out during the 
daytime through the brush, many being breeding birds, though occasionally 
flocks of a dozen or so would appear. At night, however, they gathered in 
bands to roost. Above the Hacienda Catalina they used three or four royal 
palms growing near the summit of a ridge. There would be no sign of them 
until nearly dark, and then suddenly the thickets and patches of gonduros 
(Cajanus cajan) would be alive with the birds coming up the slopes, calling and 
scolding. From here they flew into the palms, and after much chattering and 
fighting were settled for the night. Near Maricao, in June, they were breeding, 
and no flocks were seen. Here they frequented coffee plantations almost exclu- 
sively, working actively through the trees above the coffee, fluttering through 
the twigs, and examining leaves and under sides of limbs, occasionally breaking 
out with their loud, scolding notes. Several times they were heard singing a 
sweet warbling song, with many running trills. The flight is strong and undu- 
lating, but the birds seldom fly long distances, preferring to hide in the brush. 
No nests were seen, though the birds were breeding. This tanager will be found 
perhaps in other scattered localities along the central mountain range of the 
-island. A bird seen near the summit of Mount Pelado above Cayey in January 
may have been this species. 

Food—In 37 stomachs collected in March on Hl Yunque and in May and - 
June near Maricao animal food constitutes 59.87 per cent and vegetable 40.13 
per cent. In considering the animal matter 8.4 per cent of the total is composed 
_of Orthoptera. One day on Hl Yunque one of these tanagers picked up a large 
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B604M 
Fic. 1.—REMAINS OF CATTLE TICKS (MARGAROPUS ANNULATUS). 


Twelve cattle ticks, besides other miscellaneous food, were found in the stomach of one 
bird. 


Beoim 


Fic. 2.—REMAINS OF CANE ROOT-BORING WEEVILS (DIAPREPES SPENGLERI). 
Snouts of 11 cane root-boring weevils were found in another stomach, in addition to 
other miscellaneous food. 


STOMACH ‘CONTENTS OF PORTO RICAN BLACKBIRD, OR MOZAM- 
BIQUE (HOLOQUISCALUS BRACHYPTERUS). 
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green grasshopper in a trail ahead of me and proceeded to break it up on a 
limb and eat it as I watched. The coffee leaf-weevil (Lachnopus sp.), found 
in 17 stomachs, constituted 8.5 per cent, while other weevils (0.21 per cent) 
and various beetles (0.35 per cent) were eaten to some extent. Bug remains 
in three instances amount to 1.26 per cent. 

Moths in 2 stomachs and caterpillars in 21 formed a large bulk (30.94 per 
cent), more than half the animal food. Remains of Hymenoptera, largely 
fragments of ants, come to 1.72 per cent, and spiders in six instances constitute 
1.49 per cent. Snails (0.72 per cent) were eaten twice, and vertebrate matter 
(tree toads and a small lizard) comes to 6.12 per cent. Miscellaneous matter 
figures as 0.61 per cent. 

A list of identified material follows: 


HEMIPTERA, VERTEBRATA. 
LATATG OOTY LAS Oo pee ee ee er eS ee Ie 
Hleutherodactylus ‘sp2i2 2-2 ee 2 
COLEOPTERA. Amol step toe uitT AEN ih.) oo 1 
Cryptocenhatus sp. 228 lee ee oe 1 
FROM SIODLCOIS= Ben Ses oak ee al 
LEE EE) DONS SN See eee ae 17 


Vegetable food.—The larger portion of the vegetable food consumed by this 
bird may be classed as wild fruits (25.7 per cent). Berries of various rubi- 
aceous plants were represented most commonly, many being unidentified. Al- 
though no sand was eaten to aid digestion, a number of stomachs contained 
grass seeds and other species with little or no pulpy exterior, which amount to 
8.27 per cent, while miscellaneous matter classed as rubbish comes to 6.16 per 
cent. 

The following were identified : 


Paspalum (Paspalum millegrama) —--- 41 Camacey (Miconia prasinad)--------- 3 
Paspalum (Paspalum sp.) —----------- De oAdeligu.(AGeUGn SDS) =o ae eae ee 1 
Panic grass (Panicum sp.) —--=--———-— 2 | Capitana (Phoradendron tatifolium) — 1 
Pilmo CACTIStG ISDy) 2 =~ = eee 3 | Sapalo (Palicourea crocea)——------~~ 3 
Wildk ier Chews sp) Sec See eS 2) Rabo de raton (Gonzealiguinia  spi- 

Camacey* (Miconia sp.) —----.-.--=-=- 1 COE) pexiia ewok: teen cheese Lipsey I Ta 2 


Summary.—The verdoso is almost entirely a beneficial species, and one of 
considerable value in the coffee plantations which it frequents. Nearly two- 
thirds of the animal food is made up of weevils and caterpillars, all serious 
pests, and the only evil chargeable to the bird is the destruction of a small 
number of spiders and also of a few lizards and batrachians. Its vegetable food 
has no value whatever. 

The species seems confined to the immediate vicinity of considerable bodies 
of natural forest, and as at present it has seemingly few enemies, it will perhaps 
not spread to any extent under protection. In any event, the bird should be 
encouraged. 


PORTO RICAN SPINDALIS. Spindalis portoricensis Ceryant) - 
ReINA Mora, TOMATH, LLOROSA, REINONA, LLORONA. 


The spindalis is common in Porto Rico, but does not occur in the smaller 
islands. It is found over the entire island, but comparatively few are encoun- 
tered in the lowlands, it being most abundant in the hills and mountains. It 
frequents the patches of second-growth forest, the borders of coffee plantations, 
hedges, and occasionally citrus groves. The birds are unsuspicious when they 
alight near one, and peer out of the leaves curiously, but at a distance it is 
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useless to follow them, as they take alarm instantly. Where food is abundant 
they are found in flocks in sheltered spots out of the wind. The flight is strong 
and undulating, the birds sweeping along in graceful curves, alighting for a 
- minute or two, and then passing on, so that in feeding they cover considerable 
ground. The call note is a faint fseet, while the males have a low chattering 
note. This species has apparently no song. The breeding season extends from 
the end of January to the middle of June, and occasional pairs breed during the 
rest of jhe year. The young are very common during June and July. 

The food of the spindalis is almost entirely vegetable, and the bird is, without 
doubt, the greatest disseminator of seeds in the island. Roving in habit, it 
covers considerable territory, appearing wherever there is food to satisfy its 
voracious appetite and then passing on. That it does not always confine its 
attacks to fruit and seeds appears from the fact that, on at least two occasions, 
it was seen stripping climbing vines (Ipomea sp.) of their tender green leaves 
and eating them. At Rio Piedras the 1st of January two came into a guana- 
bano tree (Anona muricata), and in less than half an hour had almost entirely 
consumed two of the fruits, though the skin was rough and prickly and they 
were 10 inches long and 5 in diameter. On January 24, near Cayey, a male was 
seen in the act of opening a ripe wild orange (china) and eating the pulp and 
juice. On half a dozen wild trees near here 30 oranges had been attacked in 
the same way. ‘The bird occurs in cultivated groves, but was not seen. to do 
any damage. Its work is unmistakable, as it tears a large opening in the fruit 
from which to extract the pulp, choosing only the ripest fruit. 

These birds are frequently infested with a species of parasitic grub, which, 

however, in most cases does not appear to affect their vitality seriously. The 
’ parasites are found usually on the breast just under the skin, though sometimes 
they occur on the abdomen and underside of the wings. One bird had about 30 
of the grubs, but this was exceptional, 2 or 3 being the usual number. The birds 
were observed in the field eating the following fruits and berries, besides those 
that have been mentioned: Pomarosa, (Jambosa jambos), camacey (Miconia 
racemosa), palo de perico (Cordia corymbosa), palo moro (Psychotria 
brachiata), a wild fig (Ficus levigata), and a parcha (Passiflora sexfiora). 

Food.—Animal matter occurred in only 2 of the 96 stomachs of the spindalis 
examined and in each case consisted of fragments of a coffee leaf-weevil (Lach- 

nopus sp.). The other stomachs were filled entirely with seeds and bits of the 
skin of the various wild fruits and berries in season at the time the birds were 
collected. No sand or gravel was found, and evidently the seeds pass through 
the large alimentary canal after the soft matter has been removed, or if the 
seeds are soft they are completely digested. None of the fruits or berries 
enumerated below has any economic value nor is the dissemination of their seeds 
of any importance. These birds are the great seed-distributing agencies of the 
island and to them are largely due the growths of shrubs which cover waste 
lands, especially in the interior. 

Where these birds are found doing serious damage they may properly be de- 
stroyed, but damage by them is believed to be rare. Cultivated oranges for the 
market are picked and shipped before they are ripe enough to be attacked, so 
that the depredations of the spindalis are confined entirely to wild fruit. Very 
little is destroyed, considering the large quantities of chinas growing in a wild 
state. No trace of coffee berries was found in any of the stomachs. This 
species may be regarded as harmless and of no economic importance. Its 
beauty should insure its protection unless it is actually found destroying valu- 
able fruit. 
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A list of Identified wild fruits and berries found in stomachs follows: 


Waldnien(Hiews. Sp.) ine eek 2a Stores CStUree Spe) a aes oO 
Amaranth (Amaranthus sp.) -------- 2 | Nightshade (Solanum sp.)---------- 
WHeESH CHwOUS SDs) 222 AM MOralOOn0Id SD.) 2a eee eee 
Icaco (Chrysobalanus pellocarpa) —--- 1 | Moral (Oordia nitida)-_-___-_---_--_ 
Spurge (Chemesyce sp.) ~-~--------- 1 | Moral (Cordia corymbosa) __----_-~~ 
Rhacoma (Rhacoma crossopetalum) __ 1 | Sapalo (Palicowrea riparia) —~_--_-_-- 
Ca C(O EL ANCHTA SCA ARES) ¢ 9) | Sete ne a 1 | Roble guayo (Bouwrreria sp.) --------- 
Camacey (Miconia sp.)------------- 4 | Tantillo (Randia aculeata) _________~- 
Camacey (Miconia prasina) _-------- 16 | Palo moro (Psychotria brachiata) __-- 
Manta nCHugeTtid/ \Sp.) =s-.-i2-=--25— 1 | Pendulo (Citharezylum fruticosum) _- 


PORTO RICAN EUPHONIA. Tanagra sclateri (Sundevall). 
CANARIO DEL PAIS, JILGUERO, JILGUERO DEL PAIS, CANARIO CRIOLLO. 

The euphonia is a tolerably common resident in Porto Rico, but is found only 
in the hills and not in the coastal plain. It associates in pairs or small flocks and 
frequents forests and coffee plantations. In the tree tops these little tanagers 
are rather active, hopping quickly about, and calling wheur and a sharp chit-it. 
These notes are rather ventriloquial, but when heard the bird may soon be dis- 
covered- in the nearest clumps of capitana (Phoradendron sp.), the seeds of 
which form its food. Certain growths with an abundance of ripe berries are 
visited time after time. The birds usually keep in the thickest parts of the 
clumps and are rather hard to distinguish from honey creepers. They are at 
times rather shy, and then fly for considerable distances with a bounding flight. 

These birds were in pairs in January and were nesting by the last of Feb- 
ruary. Young birds were taken May 17 near Yauco, and were common until 
the first week in July. By August 10 many adults had completed the molt. 
The males have a low song consisting of the rapid repetition of a single metallic 
phrase, preceded by louder explosive notes, with twittering interpolations. 
For this and their bright colors they are prized greatly as cage birds, and 
about Ponce and Juana Diaz bird catching is a regular occupation with the 
boys, and the birds are offered in the markets for 5 and 10 cents apiece. In 
eatching them, a bird, usually a female, is shut up in a wicker cage, and a con- 
venient perch or the top of the cage smeared with bird lime. The cage is then 
placed in a bush, and the captive whistles loudly, calling down the others; or 
the bird catcher holds the cage in his hand, up toward the trees, where the free 
birds hop about excitedly calling and whistling loudly. The crate is then 
moved rapidly back and forth or carried away, the boy running quickly, when 
the notes of the captive, as it jostles about inside, prove too much for the 
others, and they fly down. Once they alight, their fate is sealed, and in a few 
minutes they are inside the cage, themselves captive. In captivity the food is 
almost entirely ripe bananas and the birds appear to thrive on this diet. 

Food.—Fifty-one stomachs of this tanager were examined and in them nothing 
but the seeds of mistletoe, known as capitana, was found, from 2 to 20 occurring 
in each stomach. These seeds are small, coated with a thick, transparent, vis- 
cous fluid, and are inclosed in an outer envelope. In feeding the berry is broken 
and the inner portion swallowed, the outer covering being discarded. In dissect- 
ing the tanagers the seeds and viscous matter found in the lower part of the in- 
testines were in the same condition apparently as those which remained in the 
‘throat, though the nutritive matter had been removed by digestion (Wetmore 
1914a). The birds, then, act as distributors of their favorite food, the gelatinous 
strings supporting the seeds after passing through the alimentary canal catch- 
ing and lodging on the limbs of the trees and producing new plants. It was 
noticeable that the mistletoe was very abundant in the dry region of the south 
coast, as the seeds here were less liable to be washed to the ground before the 
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heat could dry them and fasten them to the limbs than they were in regions of 
copious rainfall. Though mistletoe is considered injurious where it is abundant 
enough to kill the trees so unfortunate as to act as hosts, no complaint was made 
of it in Porto Rico nor could any damage be attributed ot it. It grew commonly 
in trees serving as shade for the coffee, but no attempt was made to cut it out 
or keep it down. Infested trees were apparently healthy. The birds are very 
active and at times I was led to believe that they were capturing insects, but no 
trace of such food was found in the stomachs examined. 

Under present conditions the euphonia has no economic importance and is 
harmless. It is much prized as a cage bird on the south side of the island and 
many are trapped. There is no need of restricting this practice when carried on 
humanely, as the birds, although hunted for this purpose for many years, hold 
their own. Furthermore, it may be said that these little tanagers thrive and 
appear happy in captivity, becoming tame and confiding, and bringing enjoy- 
ment to many. : 

Mistletoe, or capitana, seeds of the following species were identified in the 
stomachs examined: 


Phoradendron quadrangulare________ 9 | Phoradendron chrysocarpum_____----~ 29 
-Phoradendron latifolium_-___----~-- 18 | Phoradendron sp_—---~~-_~~=-_-=--- 1 


PORTO RICAN GROSBEAK. Lozigilla portoricensis (Daudin). 
GALLITO, CHURRI, CAPITAN, COMB GANDUL. 

The grosbeak is a common resident in Porto Rico, occurring along the coast 
only when there is dense brush, but found through the hills inland. It is seem- 
ingly absent or very rare in the eastern third of the island. The birds are shy 
and are observed often in coffee plantations feeding on the ground. Only occa- 
sionally, in little-frequented localities, do they feed in the open. The flight is 
quick and tilting, and the birds often dodge across from one patch of cover to 
the next. The males fly into the tops of trees, and, keeping concealed in the 
leaves, sing a loud eardinal-like song. But for the number heard singing, one 
-would consider them rare, so well do they keep hidden. This is one of the few 
_ birds of Porto Rico that sing constantly, so that its song is all the more wel- 
come. The ordinary call note is a low tsweet. These birds nest rather irregu- 
- larly throughout the year, the main nesting period, however, being from Feb- 
ruary to the last of June. One nest was seen near Salinas on a horizontal limb 
about 30 feet from the ground. One found June 26, near Lares, was in the top 
of an inclined coffee tree, about 5 feet from the ground, and though it was large 
and bulky it was almost entirely concealed. The foundation was of dried 
banana leaves, and above these sticks, grass, and weed stems were built up, 
forming a deep cup, lined with grass and rootlets. This nest contained three 
greenish eggs, spotted and blotched with brown. The young of this species pair 
- as soon as full grown and often before they are in fully adult plumage. The 
young are most abundant in July and August. The adults are molting then and 
have almost ceased to sing. 

At Lares it was believed that this bird was responsible for much of the dam- 
age done to the coffee crop in stripping the berries of the sweet outer pulp, but 
this I failed to substantiate by actual observation. These birds were some- 
times seen scratching in the leaves in dense shrubbery for food. It was sur- 
prising to see how well their black color protected them in the dense shadows; 
only when in motion could the form of the birds be made out, even though close 
by. They were .observed eating the fruit of: the following: Icaco (Chrysoba- 
lanus sp.), manzanillo (Hippomane manchinella), pomarosa (Jambosa jambos), 
_and sapalo (Palicourea riparia). 
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Food.—The stomachs of 26 of these birds were examined, collected every 
month from December to August except March. The animal content comprises 
29.89 per cent and the vegetable 70.11 per cent. Though animal food was found 
in every stomach, the quantity was small in some cases, the main dependence 
for sustenance being upon vegetable matter. 

Orthopterous eggs (1.17 per cent) were found in two stomachs taken in 
December and January. Scarred-snout beetles came to 9.57 per cent, and in 
three cases were the cane root-boring weevil (Diaprepes spengleri) and in five 
consisted of fragments of coffee leaf-weevils (Lachnopus sp.). Miscellaneous 
weevil remains in eight instances came to 4.57 per cent. With the powerful 
bill of this grosbeak the insects eaten were ground up into very small fragments 
so that they were hard to recognize. Fragments of other beetles (10.42 per 
cent) were found in 12 stomachs, and among them a buprestid (Acm«odera sp.) 
and a Cryptocephalus were identified. Caterpillars (3.07 per cent) were eaten 
twice. Spiders, found only once, amount to 0.16 per cent. Miscellaneous animal 
matter, including bits of snail shell, a neuropteran, and a scale insect (Lecanium 
sp.), constitute 0.93 per cent. 

Though a few grass seeds are eaten, most of the seeds found in these stom- 
achs are those of wild berries and small fruits, none of any value to man. As 
much gravel is eaten, the seeds in most cases are ground up and digested, as 
well as the pulp surrounding them. These stomachs were examined carefully 
for remains of coffee berries, but no trace of them was found, and from the data 
available the bird is to be considered beneficial. Though animal food forms 
slightly less than one-third of the bulk, it is composed almost entirely of inju- 
rious insects of considerable importance to agriculture. It may be that this 
grosbeak feeds at times on coffee or small garden legumes, but few complaints 
were heard, so that the habit, if practiced, seems to be infrequent. 

A list of identified seeds follows: 


Paspalum (Paspalum sp.) ----------- 5 ; Espino (Xanthogrylum sp.) ---------~- 3 
Paspalum (Paspalum millegrama) —_~~ Zeiacamacey (CMicomd. sp.) =—-2==—22-s—— 5 
Fimbristylis (Fimbristylis sp.) _------ Seas (CansiCtiy sp: = 2 oe 5 
Whitetop (Dichromena ciliata) __-__~- Mim VEOEDL aCCOndi@espe)\ia os so 3 
Star) grass (Hyporis, sp.) ————=—_- = 3 | Palo moro (Psychotria brachiata) —~__ il 
NETCHIGNACLOMSD») isn 2 ee ee ee ib 


CARIB GRASSQUIT. Tiaris bicolor omissa (Jardine). 
CHAMORRO, GORRION, CHAMORRO BICOLOR. 

The Carib grassquit is an abundant resident in Porto Rico, especially so on 
the dry south coast. Except at Mameyes and Aibonito, it greatly outnumbered 
the other species of grassquit. These birds occur wherever there is any cover 
for them in the cane fields, the maya hedges, thickets, coffee plantations, or 
second-growth forest. They are tame, unsuspicious little birds, that are found 
in pairs and sometimes in small flocks. In riding through the cane fields at dusk 
they were continually fluttering along ahead, so that the cane was full of their 
rustlings. They were found often working through the trees in various locali- 
ties, searching through the limbs exactly like honey creepers, and there were so 
many in the open fields that it was surprising to find them at home in the dense 
second growth of the forest. 

The breeding season appears to extend well through the year, fully fledged 
young being observed from January to June, and breeding birds were taken in 
every month in which I collected. Loose flocks, mainly young birds, were en- 
countered all through the year while the adults were in pairs and nesting. 
Nests were located in maya hedges, or bushes, only a foot or so from the 
ground, and were always concealed. One found in a coffee plantation near 
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Yauco May 21 was in the midst of a thick bush about 3 feet from the ground 
and was made of grass and weed stalks, arched over, with a rough opening at 
one side. The cup within that contained the eggs was made of very soft, fine 
grasses, and the eggs were four in number, whitish, heavily marked with cinna- 
mon, and lined somewhat with black. 

The males sang all day long from a post, weed, telephone wire, or other open 
perch, a harsh emphatic little song that reminded me of a dickcissel. In fiy- 
ing they frequently changed to a slow direct flight, with trembling wings, and 
head thrown back, and sang until another perch was reached. The call note is 
a low tseet. 

Food.—Seventy-two stomachs of this small finch were examined, collected in 
the months from December to September, inclusive, and in these animal food 
was found in five birds only. The species is almost entirely granivorous in 
its diet, the animal food coming to a very small percentage of the bulk. Two 
stomachs contained very slight remains, one of a small homopteran and the 
other of a spider. One had eaten 11 small caterpillars and 2 roaches, another 
4 leaf hoppers, and a third a small caterpillar and a spider. 

Seeds of all kinds of grasses and sedge are eaten eagerly and ground up in 
the muscular gizzard with sand taken for that purpose. They are usually 
swallowed entire, but occasionally were first neatly hulled. Some of these, as 
the crab grass (Syntherisma sanguinalis), are noxious species abundant in 
cultivated fields. Other weed seeds of importance as pests also are consumed, 
as the purslane (Portulaca oleracea) and pigweed (Amaranthus sp.). Though 
the bird is accused of eating tobacco seeds left in the fields for seed, no trace 
of them was found and a bird shot in such a field near Comerio had taken only 
grass seeds. 

This grassquit is entirely harmless and does some good in destroying the 
seeds of noxious weeds and a few harmful insects, so that it is worthy of a 
place on the protected list. 

A list of seeds identified in these stomachs follows: 


Paspalum (Paspalum millegrama)_-. 24 | Fimbristylis (Fimbristylis sp.)_----~ 5 
Paspalum (Paspalum sp.) --------~-- 1 "Sedge (Carex -sp)) ee eee 3 
Crab grass (Syntherisma sanguin- Star srass (Hypowis sp.) ~-_______ 18 
Gis) oe55 eee eee eee ee 16 | Amaranth (Achyranthes indica) _—__~ 1 
Panic grass (Panicum sp.)—--—-----—- 7 | Verdolaguilla (Talinum paniculatum) — il 
Malojillo (Panicum fasciculatum)-___ 20 | Purslane (Portulaca oleracea) ——-___ 10 
Smut grass (Sporobolus indicus) —---~ 8 | Amaranth (Amaranthus sp.)-------~ 12 
Ichnanthus (Ichnanthus pallens) -—-— 5 | Vinagrillo (Oa#alis sp.)_-----------_ 1 
Chloris (Chloris, radiata) ——=—-—-==- =~ 2 | Hspino (Xanthozxylum sp.)-—--------- 1 
Hgyptian grass (Dactyloctenium cegyp- Nightshade (Solanwm sp.) --------~- 1 
TELCUMN) a oe re ee eee ee 10 


BRYANT’S GRASSQUIT. Tiaris olivacea bryanti (Ridgway). 
GORRION, CHAMORRO, CHAMORRO BELLO. 

Bryant’s grassquit is a common resident on Porto Rico and Vieques, but 
rare on Culebra Island. This species is found entirely in the open, in pastures 
and cultivated fields, following the maya hedges or scanty growths of bushes. 
It never goes into the dense thickets, as the other grassquit (7. b. omissa) does. 
Small marshes covered with high grass are favorite localities and in brushy 
pastures, where the grass is long, the birds are common. They occur all 
through the year in small flocks, sometimes merely a family group, or again 
15 or 20 individuals together. When flushed they fly with an undulating flight 
to the nearest maya hedge or thicket, and then work rapidly away, or if not 
further disturbed drop down again to the ground and continue feeding. In 
the cane fields they retreat before the men advancing in cutting the crop, and 
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concentrate in pastures and hedges, ready to scatter again over the fields when 
the new crop is large enough to shelter them. Gundlach (1878, p. 204) says 
that in his time they came about the crude sugar mills then in operation to 
eat the sugar as it was manufactured. 

The males sing all day long from some elevated perch an insectlike trill 
which can not be heard at any distance, and the ordinary call note is a faint 
tseep. 

The breeding season apparently extends through the entire year. The greater 
number of the birds nest low down, usually in the grass on the edge of a ditch 
or depression or in grassy fields. The nest is a ball made of fine grasses, with 
an entrance in one side. One found near the Hacienda Catalina March 4 con- 
tained three eggs, white with a greenish tinge, spotted with cinnamon brown, 
the spots forming a slight wreath about the large end of the egg. Young birds 
were noted through the entire year. 

Food.—Of 65 birds examined only 1 had eaten insect matter, and this had 
picked up 8 spiders and a leaf hopper (Vettigonia sp.). The great bulk of the 
food consists of grass seeds, some of species regarded as weeds, as the crab 
grass (Syntherisma sanguinalis), seeds of which were found in 23 stomachs. All 
the common species of grasses are represented, and besides these a few seeds of 
a sedge (Fimbristylis sp.) and star grass (Hypowxis sp.) were found. This 
grassquit is entirely harmless, and though practically no insects are taken it de- 
stroys many seeds of injurious weeds, so that it should be protected. 

A list of seeds identified in these stomachs follows: 


Paspalum (Paspalum millegrama)_---~ 27 | Smut grass (Sporobolus indicus) —--~ 3 
Paspalum (Paspalum sp.)—----------— 9 | Ichnanthus (Ichnanthus pallens)_-___ 16 
Crab grass (Syntherisma sanguinalis)_ 23 | Chloris (Chloris radiata) _-___--_---__ 4 
Malojillo (Panicum fasciculatum) ---~ 8 | Fimbristylis (Fimbristylis sp.) _-___-_~ 9 
Panic grass (Panicum sp:)—--—.-——_- SoM taceer aS Si (G0, DOTS Ss) ee 14 


‘SANTO DOMINGAN GRASSHOPPER SPARROW. Coturniculus savannarum intri- 
catus Hartert. ; 
GorRRION, CHAMORRO. 

The grasshopper sparrow is resident in Porto Rico, but now found apparently 
in only a few localities. A colony of 35 or more was located near Yabucoa May 
10. It was common north of Cabo Rojo August 24 to 31, and was frequently 
seen along the Bayamon River near Bayamon July 20 to 25. This species would 
seem, then, to occur only in the lowlands, though there is in the United States 
National Museum one specimen from Caguas. Bowdish (1902-8, p. 18) records 
it as fairly common near San Juan, Aguadilla, and Mayagtiez in the period from 
1899 to 1901. A series of birds collected belong to this subspecies (described by 
Hartert from El Valle, Santo Domingo). They are found only in open pastures 
where the grass grows high enough to afford shelter, or on waste land, as the 
gravel bars along the Bayamon River. As more and more of these areas are 
broken up and cultivated the birds will become rarer. 

This is a very inconspicuous species and one easily overlooked. In passing 
through their haunts they are seen merely to skulk to one side in the grass or 
fly up just behind one, and after a short, rather weak flight drop back again 
into cover. On the ground they creep along through the grass, or hop when it is 
more open, stretching up their heads and flirting their tails nervously. The 
song of the males is a weak effort that may be represented by the syllables 
tsick tsee—ee—ee—ee, the first syllable sharp and quick and the last insectlike. 
The song is very ventriloquial, the first part seeming to come from one side and 
last from another. The birds sing from a weed top a foot or more above the 
ground, and by inspecting these closely the sparrows may be located after a few 
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minutes. They sing occasionally even as late as August, but not so much as 
earlier in the summer. 

They nest from May to August (Bowdish records a nest at Aguadilla June 16, 
1900), and it would appear that two broods are raised. Their ground-haunting 
habits and nests lay them open to attacks of the mongoose and doubtless many 
are destroyed. The last of July, near Bayamon, one immature bird in fresh fall 
plumage was taken, but most of the young were then in juvenile dress. The 
adults were very worn at that time, some of them having the rectrices much 
abraded or even broken, but they were not molting. Here another song was 
heard, a series of low twittering notes, even harder to locate than the other, 
while the call note was a scolding ¢tsip. The young birds, now shifting for them- 
selves, were common along the gravel bars in the stream, sometimes perching, 
two or three together, in low weeds, and acting more curious than afraid. 

Food.—Thirty-two stomachs of the grasshopper sparrow were at hand for 
examination, collected in May, July, and August. Animal food forms 65.9 per 
cent and vegetable 34.1 per cent, these figures corresponding very closely to what 
is known of the food of allied subspecies in the north. Orthoptera, Lepidoptera, 
and Coleoptera form the bulk of the animal food and seeds of grass and other 
plants compose the vegetable portion. 

Animal food.—Iwo birds had eaten nymphs of the mole ericket (0.25 per 
cent), and crickets seem to be favorite food, as they were found in seven 
stomachs, and at Bayamon a female was feeding a large cricket (Anuregryllus 
muticus) to her young. Grasshoppers were noticed in four stomachs and 
Orthoptera as a whole occurred in 17 birds, constituting 24.82 per cent of the 
total. Lantern flies were eaten seven times and come to 1.28 per cent and other 
' Homoptera, all small species, to 1.48 per cent. Stinkbugs in four instances and 
a few fragments of other bugs constitute 3.75 per cent. Leaf beetles (5.3 per 
cent) were favorites with the grasshopper sparrow and many were eaten. A 
striped flea-beetle (Systena basalis), a species destructive to all small garden 
crops and yegetables, was found in 12 stomachs. A tortoise beetle was taken 
twice, a bean leaf-beetle (Cerotoma denticornis) once, and a Diabrotica once. 
Scarred-snout beetles (0.87 per cent) were eaten four times and include one 
cane root-borer (Diaprepes spengleri). Curculios amount to 2.25 per cent and 
miscellaneous weevil remains to 0.25 per cent. Small fragments of other Coleop- 
tera total 0.97 per cent. One carabid was eaten. All of these hard-shelled 
insects were very finely ground in the stomachs of this bird. 

Remains of Hymenoptera (1.33 per cent) were in nine instances those of ants, 
and in two the fragments of small parasitic species. Twenty-one birds had 
eaten caterpillars, and one a moth, all coming to 14.8 per cent. Spider remains 
in eight stomachs amount to 7.75 per cent, and other animal matter, bits of a 
snail, insect eggs, and unidentified material, come to 0.8 per cent. 

A list of identified animal matter follows: 


ORTHOPTERA, : COLEOPTERA—continued. 
Scapteriscus didactylus 22-2 5s - ee 2) 1) SYStenay CASA see Sa ee ete 12 
Coptocycla signifera_-—_-—- —__- -__=__ 2 
HEMIPTHRA. Platy ena Spe ee ae ee et Smet 
ROLTUCIAG Coe ee gM eo 9 Diaprepes’ spenglert == 2sse=s ee 1 
Corina sp 9 Lachnopus ssp eee 1 
wh: Toa ee a Aas re ee es Om Huscepes porcellus esses ee 1 

COLEOPTERA. HYMENOPTERA. 

Cerotoma denticornis_____-_-------__ 1 Solenopsis gemingtan.2 <2 is eee 2 


Diabrotica graminea__—~_ 1 | Pheidole subarmata borinquensis____—~ 1 
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Vegetable food.—Vegetable matter was found in all but 2 of the stomachis 
examined, most of it in 20 stomachs collected in July, when it comes to 46.7 per 
cent. This matter consists entirely of seeds, largely those of grasses, with a few 
sedges and miscellaneous weed seeds. Some of the species taken are notorious 
weeds. These are all ground up in the strong stomachs and digested with the 
aid of sand. 

A list of identified seeds is given below: 


Paspalum (Paspalum millegrama)_-- 11 | Whitetop (Dichromena ciliata) ___-~-- z 
Paspalum (Paspalum sp.) ----_------- Daiteedvem(Qarenrsp yrs 2a ee eee 1 
Crab grass (Syntherisma sanguinalis) — 4 } Star grass (Hypowis sp.)_-----_-____ 8 
Malojillo (Panicum fasciculatum) —--- 8 | Amaranth (Amaranthus sp.)------_-~ 5 
Panic grass’ (Panicum sp.)—--~------ 3 | Purslane (Portulaca oleracea) ~~ 4 
Smut grass (Sporobolus indicus) —~~---~ Welle VeEtCIM UV LCL IND:) sae ae ee ee 2 
Ichnanthus (Ichnanthus pallens) ——-~ 1 | Verdolaguilla (Owalis sp.) -_------__ al 
Egyptian grass (Dactyloctenium egyp- 
OOO) = Se ee 1 


Summary.—No evil can be attributed to the grasshopper sparrow, and it is 
to be regretted that it is not so abundant as the ever-present grassquits. Orthop- 
tera, including a small number of mole crickets, form one-fourth of the food, 
and besides large numbers of weevils and caterpillars are eaten. In 32 stom- 
achs only one beneficial beetle and two parasitic chalcids were found, while 
spiders were eaten in small quantity. The remainder of the animal food was 
composed entirely of injurious insects of great economic importance. Some of 
the seeds eaten are those of noxious weeds, and none of any actual value, so 
that this element in its food also adds to the usefulness of the bird. Though 
few in number, it is a species of considerable importance to the island. 


[RED SISKIN. Spinus cucullatus (Swainson). 
DOMINIQUITO. 


Sundevall (1869, p. 597) includes the red siskin in his list as received from Hjalmar- 
son, and on this is based the belief that this siskin has been naturalized in Porto Rico. 
Gundlach, however (1878a, pp. 174-175), says that Hjalmarson assured him his specimen 
was a cage bird, so that the siskin has no status as a Porto Rican bird and is included 
here merely to correct the many statements that it has been found on the island in a 
wild state.] 
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Chlorostilbon maug@i, 7, T0—71. 
Chordeiles v. minor, 69-70. 
Chorlito, 40. 
Chorlo, 41, 42, 42-438, 43. 
chrysia, Geotrygon, 49. 
Chuck-will’s-widow, 69. 
Chupador de arroz, 111-112. 
Churri, 124-125. 
Citrus groves, Birds frequenting, 7. 
- Clerigo, 7, 10, 11, 78-80. 
clypeata, Spatula, 29-30. 
Coccyzus americanus, 10, 56-57. 

erythropthalmus, 56. 

m. nesiotes, 7, 10, 11, 57-58. 
Coco, 27. ; 

blanco, 27. 

oscuro, 27. 


Codorniz, 34. 
Cereba portoricensis, 5, 7, 109-111. 


Coffee plantations, Birds found in, 6-7. 


Coli rubio, 98-99. 

Colibri, 70-71, 73-74. 

Colinus v. cubanensis, 14, 34. 

collaris, Marila, 28. 

colubris, Archilochis, 70. 

Columba leucocephala, 53. 
squamosa, 7, 53-54. 

columbarius, Falco columbarius, 32. 

Colymbus d. dominicus, 17-18. 

Come gandul, 124-125. 

Compacho, 69-70. 

Compsothtypis a. usnee, 7, 107-108. 

Conurus chloropterus, 55. 

Coot, American, 34—35. 
Caribbean, 35. 

Coracolero, 38. 

coronata, Dendroica, 104. 

Correador, 38. 

Coruja, 67. 

Corvus 1. leucognaphalus, 94-95. 

Cotinga, 14. 

Cotorra, 55-56. 


Coturniculus s. intricatus, 10, 127-129. 


Courlan, 6, 37-38. 
Cowbird, Glossy, 120. 
Creciscus jamaicensis, 36. 


Creeper, Porto Rican honey, 7, 109-111. 


Creguete, 69-70. 
Crotophaga ani, 5, 7, 10, 11, 59-62. 
Crow, Porto Rican, 6, 94-95. 


cubanus, Butorides virescens, 5, 9, 10, 


21-23. 


cubanensis, Colinus virginianus, 14, 34. 


Cuckoo, 6. 
Black-billed, 56. 
Mangrove, 57-58. 
Vieillot’s ground, 58-59. 
Yellow-billed, 56-57. 
cucullata, Spermestes, 7, 14, 111-112. 
cucullatus, Spinus, 129. 
Cuervo, 94-95. 
Curlew, Eskimo, 41. 
Hudsonian, 41. 
Curlis, 41. 


D. 


Dafila acuta, 29. 
Dagareta, 35-36, 36. 
negra, 34-35. 
Dagaretilla, 36. 
delicata, Gallinago, 10, 44—45. 
Dendrocygna autumnalis, 30. 
Dendroica adelaide, 7, 102-104. 
c. cerulescens, 7, 104-105. 
coronata, 104. 
discolor, 7, 102, 
d. dominica, 104. 
magnolia, 105. 
p. bartholemica, 10, 105-106. 
~ p. palmarum, 101. 
striata, 102. 
tigrina, 105. 


{ 
' Diablito, 7, 111-112. 


~ 
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Diaprepes spenglert, Bird enemies of, 10. 
didactylus, Scapteriscus, Bird enemies of, 
9-10. 
discolor, Dendroica, 7, 102. 
discors, Querquedula, 30. 
Dolichonyw oryziworus, 113. 
dominica, Dendroica dominica, 104. 
dominicensis, Progne, 5, 88-89. 
Tyrannus dominicensis, 5, 7, 10, 11, 
75-78. 
dominicus, Charadrius dominicus, 40. 
Colymbus dominicus, 17-18. 
Nomonyz, 28. 
Dominiquito, 129. 
dougalli, Sterna, 47. 
Dove, Mona ground, 51. 
Mourning, 52-53. 
Porto Rican (Zenaida), 51-62. 
Porto Rican ground, 49-51. 
Duck, Bahama, 29. 
Black-bellied tree, 30. 
Lesser scaup, 28-29. 
Masked, 28. 
Ring-necked, 28. 
Ruddy, 28. 
E. 


Heonomic considerations, 7-11. 
Egret, 25—26. 

Snowy, 25. 
Egretta c. candidissima, 25. 
egretta, Herodias, 10, 25-26. 
Hlainea, 8. 

Antillean, 84-85. 
Elainea m. martinica, 8, 84-85. 
Emerald, Porto Rican, 70-71. 
Ereunetes pusillus, 438—44. 
Brismatura jamaicensis, 28. 
erythrogastra, Hirundo, 85. 
erythropthalmus, Coccyzus, 56. 
Euphonia, Porto Rican, 123-124. 
evigua, Chemepelia passerina, 51. 
ewilis, Izobrychus exilis, 26-27. 

Microlyssa exilis, 70. 
exsul, Chlorenas inornata, 55. 


F. 


Falco c. columbarius, 32. 
p. anatum, 32. 
s. loquacula, 5, 7, 10, 31-32. 
Falcon, 5, 7, 10, 31-32, 33-34. 
fedoa, Limosa, 43. 
Finch, Hooded weaver, 14, 111-112. 
Scarlet-cheeked weaver, 14, 112. 
Flamenco, 27-28. 
Flamingo, 27-28. 
flavipes, Totanus, 42-438. 
flaviventris, Porzana, 36. 
Florida c. cerulescens, 5, 10, 11, 23-24. 
Flycatcher, 6, 8, 10, 14. 
Antillean, 81-82. 
Forastera, 45-46. 
Fraile miguelete, 66-67. 
Frailecillo cabezon, 38. 
chico, 38. 
melodico, 38. 
sabanero, 39-40. 
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Frailecito, 38. 
Fregata magnificens, 19-20. 
Fulica a. americana, 34-35. 
caribea, 35. 
fuscata, Sterna, 46-47. 
fuscatus, Margarops fuscatus, 9, 10, 89-90. 
fuscicollis, Pisobia, 44. 


G. 


galeata, Gallinula galeata, 10, 35-36. 
Gabilan, 32. 
Gallareta, 10, 34-35, 35, 36. 

de agua, 35-36. 

de cienaga, 36. 

martiniquena, 36. 

platanera, 36. 

Gallaretilla, 36. 

Gallego, 45-46. 

Gallina de guinea, 34. 

Gallinago delicata, 10, 44-45. 

Gallinassa, 18. 

Gallinaza, 18, 35-36. 

Gallinazo, 34-35. 

Gallinuela, 36. 

Gallinula g. galeata, 10, 35-36. 

Gallinule, Florida, 35-36. 
Purple, 36. 

Gallito, 7, 10, 38, 124-125. 

Ganga, 42. 

Ganso blanco, 30. 

Garza, 5, 10, 11, 238-24, 24-25, 25. 

azul, 23-24. 

blanca, 25. 

de cuello rojo, 24—25. 

real, 25—26. 

Garzon blanco, 10, 25-26, 26. 

ceniciento, 26. 

cenizo, 26. 

Gavilan, 32. 
Gaviota, 18, 45-46, 46, 46-47, 47, 47-48, 48. 

antillana, 47. 

boba, 45—46. 

de pico agudo, 48. 

del paraiso, 47. 

negra, 46. 

oscura, 46-47. 

regia, 48. 

Geothlypis t. brachidactyla, 99. 
Geotrygon chrysia, 49. 
montana, 7, 48—49. 
mystacea, 49. 
Godwit, Marbled, 43. 
Golondrina, 5, 7, 74-75, 85, 85-87, 88-89. 

de cuevas, 85-87. 

de iglesias, 88-89. 

riberiega, 85. 

Goose, Greater snow, 30. 
Gorrion, 5, 7, 10, 111-112, 112, 125-126, 
126-127, 127-129. 
Grassquit, Bryant's, 126-127. 
Carib, 125-126. 
Grebe, Antillean, 17. 

West Indian, 17-18. 
Grosbeak, Porto Rican, 124-125, 
Guabairo, 69. 

chico, 69, 
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Guanaba, 20. 
Guanana, 30. 
Guara alba, 27. 
Guaraguou, 33. 
: de sabana, 32. 
de sierra, 33. 
Guaraiba, 69. 
Guareao, 37-38. 
Guincho, 3A. 
Guinea, 34. 
fowl, 14. 
hen, 34. 
Gull, Laughing, 45-46. 
Gusanero, 108, 109-131. 
Gusano blanco, Bird enemies of, 11. 
Gymnasio n. nudipes, T, 10, 11, 67-69. 


H. 


Hematopus palliatus, 38. 
Halcon de patos, 32. 
Hawk, Broad-winged, 32. 
Duck, 32. 
Pigeon, 32. 
Porto Rican sharp-shinned, 33-34. 
Porto Rican sparrow, 12, 31-32. 
Red-tailed, 8, 33. 
Helodromas s. solitarius, 42. 
hemipterus, Metamasius, Bird enemies of, 
10-11. 
Herodias egretta, 10, 25-26. 
Heron, Black-crowned night, 21. 
Cuban green, 13, 21-23. 
Great white, 26. 
Little blue, 13, 23-24. 
Little green, 21. 
Louisiana, 24-25. 
Snowy, 13, 25. 
West Indian great blue, 26. 
Yellow-crowned night, 20. 
Himantopus mexicanus, 45. 
himantopus, Micropalama, 44. 
Hirundo erythrogastra, 85. 
hirundo, Sterna, 47-48. 
Holoquiscalus brachypterus, 5, 7, 9, 10, 11, 
117-120. 
holosericeus, Sericotes holosericeus, 71-72. 
hudsonicus, Numenius, 41. 
Hummingbird, Blue-breasted, 71-72. 
Fork-tailed, 70-71. 
Gilt-crested, 70. 
Ruby-throated, 70. 
Fiydranassa t. ruficollis, 24-25. 
Hydrochelidon n. surinamensis, 46. 
FHylocichla mustelina, 94. 


I. 


Ibis, Glossy, 27. 

White, 27. 
feterus icterus, 14, 116-117. 

portoricensis, T, 10, 11, 115-117. 
Increasing birds, Methods of, 11-14. 
intricatus, Coturniculus savannarum, 10, 

127-129. 4 

Introduction, 1-16. 

of birds, 14-15. 
Ionornis martinicus, 36. 
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Iridoprocne bicolor, 85. 
Itinerary, 2. 
Txobrychus e. exilis, 26-27. 


AB 


Jacana, Mexican, 38. 
Jacana spinosa, 38. 
jamaicensis, Creciscus, 36. 
Hrismatura, 28. 
Nephecetes niger, 74-75. 
Jilguero, 7, 123-124. 
del pais, 123-124. 
Judio, 5, 7, 10, 11, 59-62. 
Jui, 7, 10, 81-82, 83-84. 
pequenlo, 83-84. 
Julian chivi, 7, 10, 95-96. 
K. 
Kildeer, Antillean, 39-40. 
Kingbird, 78. 
Gray, 12, 15, 75-78. 
Kingfisher, Belted, 66-67. 


L. 


Lachnosterna, Bird enemies of, 11. 

Larus atricilla, 45-46. 

latimeri, Vireo, 7, 10, 95-96. 

Lechuza, 33. 

lentiginosus, Botaurus, 27. 

leucocephala, Columba, 53. 

leucogastra, Sula, 19. 

leucognaphalus, Corvus 
94-95. 

leucophea, Calidris, 43. 

Limosa fedoa, 43. 

Limpkin, 37-38. 

Lloren, 120-121. 

Llorona, 67, 121-123. 

Llorosa, 121-1238. 

longicauda, Bartramia, 42. 

loquacula, Falco sparverius, 5, 7, 10, 31-32. 

Loxigilla portoricensis, 7, 19, 124-125. 

lucida, Zenaida zenaida, 5, 7, 51-52. 


leucognaphalus, 


M. 


macroura, Zenaidura macroura, 52-53. 
macularia, Actitis, 10, 41—42. 
maculata, Pisobia, 44. 
magnificens, Fregata, 19-20. 
magnolia, Dendroica, -105. 
Man-o’-war bird, 19-20. 
Mango, Green, 72-73. 
Porto Rican, 73-74. 
Mareca americana, 30. 
Margarops f. fuscatus, 9, 10, 89-90. 
Marila affinis, 28-29. 
collaris, 28. 
Mariquita, 5, 7, 10, 11, 113—115. 
Martin, Caribbean, 13, 88-89. 
pescador, 66—67. 
Martinete, 5, 9, 10, 13, 21, 21-23, 26—2T. 
chico, 26-27, 
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martinica, Elainca martinica, 8, 84-85. 
martinicus, Ionornis, 36. 
Matraca, 66-67. 
maugei, Ohlorostilbon, 7, TO-T1. 
manima, Sterna, 48. 
May beetle, Bird enemies of, 11. 
Medio peso, 64—66. 
Melanerpes portoricensis, 7, 62-64. 
melanoleucus, Totanus, 43. 
meleagris, Numida, 14, 34. 
meloda Algialitis, 38. 
melpoda, Amandava, 5, 14, 112. 
Metamasius hemipterus, Bird enemies of, 
10-11. 

menicanus, Himantopus, 45. 

Todus, 7, 64-66. 
Microlyssa e. exilis, T0. 
Micropalama himantopus, 44. 
Mimocichla a. portoricensis, 7, 10, 92-93. 
Mimus p. orpheus, 5, 7, 10, 90-92. 
minor, Ohordeiles virginianus, 69-70. 
minutilla, Pisobia, 44. 
Mniotilta varia, 7, 108. 
Mockingbird, Jamaican, 90-92. 
Mole cricket, Bird enemies of, 9-10. 
Molothrus atronitens, 120. 
montana, Geotrygon, 7, 48-49. 
morinella, Arenaria interpres, 40—41. 
motacilla, Seiurus, 100. 
Mozambique, 5, 7, 10, 11, 117-120. 
Mucaro, 7, 10, 67-69. 

de melon, 67. 

de sabana, 67. 

real, 67. 
Mud hen, 34-35. 
mustelina, Hylocichla, 94. 
Myiarchus antillarum, 7, 10, 81-82. 
mystacea, Geotrygon, 49. 


N. 


nevius, Nycticorax nycticorax, 21. 
Nephecetes n. jamaicensis, 74-75. 
nesiotes, Ooccyzus minor, 7, 10, 11, 57-58. 
Nesospingus speculiferus, 7, 120-121. 
Nighthawk, Cuban, 69-70. 
nivalis, Chen hyperboreus, 30. 
Noddy, 46. 
Nomonyz dominicus, 28. 
notabilis, Seiurus noveboracensis, 100. 
noveboracensis, Seiurus noveboracensis, 99— 

100. 
nudipes, Gymnasio nudipes, 7,10,11, 67-69. 
Numenius borealis, 41. 

hudsonicus, 41. 

Numida meleagris, 14, 34. 
Nyctanassa violacea, 20. 
Nycticorar n. nevius, 21. 


0. 


occidentalis, Ardea, 26. 

Pelecanus, 18. 
Ochthodromus w. rufinuchus, 38. 
olivacea, Vireosylva, 96. 
omissa, Tiaris bicolor, 5, 7, 125-126. 
Orange leaf-weevil, Bird enemies of, 10. 
Oriole, Porto Rican, 7, 115-117. 


orpheus, Mimus polyglottos, 5, 7, 10, 90-92. 
oryziworus, Dolichonyz, 113. 
Osprey, 34. 
Ostrero, 38. 
Oven-bird, 101. 
Owl, Bare-legged, 67-69. 
Barn, 15. 
Porto Rican short-eared, 67. 
Ozyechus v. rubidus, 7, 1C, 39-40. 
Oyster-catcher, 38. 


P. 


Pajaro bobo, 7, 10, 11, 18-19, 19, 56, 56— 
57, 57-58, 58-59. 
bobo de costa, 56-57. 
bobo major, 7, 58-59. 
bobo menor, 57-58. 
de agua, 58-59. 
palliatus, Hematopus, 38. 
palmarum, Dendroica palmarum, 101. 
Paloma, 54. 
cabeziblanea, 55. 
sabanera, 55. 
turca, 7, 53-54. 
Palomita, 45-46, 47-48. 
Pandion h. carolinensis, 34. ° 
Papagayo, 64-66. 
paradisewa, Sterna, 47. 
Paroquet, Santo Domingo, 55. 
Parrot, Porto Rican, 6, 55—56. 
Patiamarillo, 42-43. : 
Pato chorizo, 28. 
criollo, 29. | 
cuchareta, 29-30. | 
de Florida, 29. 
de la Florida, 30. 
de la orilla, 29. 
del medio, 28, 28-29. 
dominica, 28. 
ingles, 29-80. 
lablanco, 30. 
morisco, 28-29. 
pescuezilargo, 29. 
pinto, 28. 
silvestre, 28, 28-29, 29. 
Pecho de oro, 7, 107-108. 
Pelecanus occidentalis, 18. 
Pelican, Brown, 18. 
Perdiz, 7, 48-49, 49. 
de monte, 48—49. 
martiniquena, 49. 
Periquito, 55. 
perlata, Tyto, 15. 
Petchary, Porto Rican, 78-80. 
Petrochelidon f. peciloma, 5, 7, 85-87. 
Pewee, Porto Rican wood, 83-84. 
Phaéthon cthereus, 18. 
americanus, 18. 
Phenicopterus ruber, 27-28. 
Physiography of Porto Rico, 3—4. 
Pica tierra, 99. 
Pigeon, 8. 
Blue, 55. 
Ring-tail, 54. 
Scaled, 53-54. 
White-crowned, 53. 
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Pintail, 29. 
Bahama, 29. 
piscator, Sula, 18-19. 
Pisobia fuscicollis, 44. 
maculata, 44. 
minutilla, 44. 
Pitirre, 5, 7, 10, 11, 75-78, 78. 
de mangle, 66—67. © 
Pizpita chica, 99-100, 100. 
de/ mangle, 99-100, 100. 
dorada, 5, 101. 
platypterus, Buteo platypterus, 32. 
Playante, 38, 39-40, 45. 
Playero, 7, 10, 38, 39-40, 40, 41, 43. 
turco, 40-41. 
Flegadis autumnalis, 27. 
Plover, Black-bellied, 40. 
Golden, 40. 
Piping, 38. 
Rufous-naped, 38. 
Semipalmated, 38. 
Upland, 42. 
Pluvial, 40. 
grande, 40. 
sabanero, 39-40. 
Podilymbus p. antillarum, 17. 


paciloma, Petrochelidon fulva, 5, 7, 85-87. 


Pacilonetta bahamensis, 29. 
Folla de laguna, 36—37. 
de manglar, 36-37. 
de mangle, 36-37. 
portoricensis, Asio, 67. 
Cereba, 5, 7, 109-111. 
Icterus, 7, 10, 11, 115-117. 
Lowigilla, 7, 10, 124-125. 
Melanerpes, 7, 62-64. 


Mimocichla ardosiacea, 7, 10, 92-93. 


Spindalis, 7, 121-1238. 
Porzana carolina, 36. 
flaviventris, 36. 
Progne dominicensis, 5, 88-89. 
pusillus, Hreunetes, 43—44. 
Putilla, 10, 41-42, 42, 43, 48-44, 44. 
diminuta, 43—44. 
manchada, 41—42. 
menuda, 44. 
pinta, 44. 
turca, 40-41. 


Q. 

Quail, 14. 

Cuban, 34. 
Guail-dove, 7. 

Key West, 49. 

Ruddy, 48-49. 

Temminck’s, 49. 
Querequetec, 69-70. 
Querquedula discors, 30. 


R. 


Rabihorcado, 19-20. 

Rabijunco, 18, 19-20. 

Rail, Black, 36. 
Caribbean clapper, 36-37. 
Carolina; 36. 
Yellow-bellied, 36. 

Rallus 1. caribeéus, 36-37. 
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Redstart, American, 98—99. 
Reina, 109-111. 
mora, 7, 121-123. 

Reinita, 5, 7, 98-99, 101, 102, 102-104, 
104, 104-105, 105, 105-106, 107-108, 
108, 109-111. 

Reinona, 121-123. 

Riparia r. riparia, 85. 

Rola, 49-51, 51. 

Rolita, 5, 7, 49-51, 51. 

ruber, Phenicopterus, 27-28. 

rubidus, Oxyechus vociferus, 7, 10, 39-40. 

ruficollis, Hydranassa tricolor, 24—25. 

rufinuchus, Ochthodromus wilsonius, 38. 

Ruisefor, 5, 7, 10, 90-92. 

pequefio, 84-85. ; 
ruticilla, Setophaga, 7, 98-99. 


Ss. 


Sanderling, 43. 
Sandpiper, Least, 44. 

Pectoral, 44. 

Semipalmated, 43-44. 

Solitary, 42. 

Spotted, 41-42. 

Stilt, 44: 

White-rumped, 44. 

Sanjuanera, 51—52. 

San Pedrito, 7, 64-66. 
Saramagullon, 17, 17-18. 
Sarapico manchado, 44, 

pequeno, 44. 

zancudo, 44, 

Saurothera vieilloti, 7, 58-59. 

Scapteriscus didactylus, Bird enemies of, 
9-10. 

sclateri, Tanagra, 7, 123-124. 

Seiurus aurocapillus, 5, 101. 

motacilla, 100. 

n. notabilis, 100. 

n. noveboracensis, 99-100. 
semipalmata, Aigiatlitis, 38. 
semipalmatus, Catoptrophorus semipalma- 

tus, 42. 
Sericotes h. holosericeus, 71-72. 
Setophaga ruticilla, 7, 98-99. 
Shorebirds, 6. - 
Shoveler, 29-30. 
Sinsonte, 90-92. 
Siskin, Red, 129. 2 
Snipe, Wilson’s, 44-45. 
Solitario, 42. 
solitarius, Helodromas solitarius; 42. 
Sora, 36. 
Sparrow, 

127-129. 
Spatula clypeata, 29-30. 
Species, Annotated list of, 17-129. 
speculiferus, Nesospingus, 7, 120-121. 
spengleri, Diaprepes, Bird enemies of, 10. 
Spermestes cucullata, 7, 14, 111-112. 
Spindalis, Porto Rican, 7, 8, 121-123. - 
Spindalis portoricensis, 7, 121-123. 
“spinosa, Jacana, 38. 
Spinus cucullatus, 129. 
squamosa, Columba, 7, 53-54. 


Santo Domingan grasshepper, 
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Squatarola squatarola, 40. VU. 
Sterna anetheta, 46. 
antillarum, 47. usneew, Compsothlypis americana, 7, 107—- 
dougalli, 47. 108. 


fuscata, 46-47. 
hirundo, 47-48. 
manima, 48. 
paradisea, 47. 
8s. acuflavida, 48. 
Stilt, Black-necked, 45. 
stolidus, Anoiis stolidus, 46. 
striata, Dendroica, 102. 
Sugar-cane root-borer, Bird enemies of, 10. 
Sula leucogastra, 19. 
piscator, 18-19. 
surinamensis, Hydrochelidon nigra, 46. 
Swallow, Bank, 85. 
Barn, 85. 
Jamaican cliff, 85-87. 
Tree, 85. 
Swift, Jamaican black, 74-75. 


T. 


Tanager, Porto Rican, 120-121. 
Tanagra sclateri, 7, 123-124. 
taylori, Tiolmarchus, T, 10, 11, 78-80. 
Teal, Blue-winged, 30. 

Tern, Arctic, 47. 

Black, 46. 

Bridled, 46. 

Cabot’s 48. 

Common, 47-48. 

Least, 47. 

Roseate, 47. 

Royal, 48. 

Sooty, 46-47. : 
Thrasher, Pearly-eyed, 9, 89-90. 
Thrush, Porto Rican, 92-93. 

Wood, 94. 

Tiaris b. omissa, 5, 7, 125-126. 

0. bryanti, 5, 7, 126-127. 
tigrina, Dendroica, 105. 

Tigua, 17-18. 

Tijerilla, 19-20. 

Tody, Porto Rican, 64-66. 

Todus mezicanus, 7, 64-66. 
Tolmarchus taylori, T, 10, 11, 78-80. 
Tomate, 121-123, 

Toreaza, 53. 

Tordo, 94, 120. 
-Tortola, 5, 7, 51-52, 52-53. 
Tortolita, 49-51. 

Totanus flavipes, 42—43. 

melanoleucus, 43. 

Trepadora, 108. 
trochila, Chemepelia passerina, 5, 7, 49-51. 
Tropic bird, Red-billed, 18. 
Yellow-billed, 18. 
Troupial, South American, 14, 116-117. 
Truche, 89-90. 
Trupial, 116-117. 
Turkey vulture. See Vulture. 
Turnstone, Ruddy, 40. 
Tyrannus d. dominicensis, 5, 7, 10, 11, 7T5— 
78. 
tyrannus, 78. 
Tyto perlata, 15. 


V. 


varia, Mniotilta, T, 108. 
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SCOPE OF THE BULLETIN. 


This bulletin deals with the distinguishing characters, geographic 
distribution, and forest habits of all of the spruce and balsam-fir 
trees that grow naturally within the Rocky Mountain region, which 
roughly includes the desert and mountain territory lying between the 
Great Plains and the eastern border of the Pacific Slope States. 
Canadian territory lying directly north of our Rockies and Mexican 
territory adjacent to our Southwest are included, because the ranges 
of some of the spruces and firs extend into these regions. The method 
of treating the subject, sources from which data on the geographic 
range were obtained, and the origin of other information used in this 
bulletin are fully discussed by the writer in a recently issued publica- 
tion on the “ Cypress and Juniper Trees of the Rocky Mountain Re- 
gion.” Acknowledgments made there of assistance received apply 
also in the case of the present bulletin. 


1 Bulletin No. 207, U. S. Department of Agriculture, 1915. 
Noty.—This bulletin will be of service botanically or commercially for the trees described. 
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The class and family relationship of the spruces and balsam firs 
to other cone-bearing trees of the Rocky Mountain region is fully 
explained in the above-mentioned publication, to which the reader 
is referred for this general information. 

Keys are provided on pp. 42 and 48 for the identification of genera 
and species. 


: GENERIC CHARACTERISTICS OF SPRUCES.* 


The spruces are evergreen trees with sharp-pointed, pyramid- 
shaped crowns and conspicuously straight, tapering trunks. The 
branches grow frem the trunks in regularly distant circles or whorls. 
Their stiff, acute, often very keenly pointed, single leaves have a 
characteristic spiral arrangement on the twigs and branches which 
they clothe on all sides. The leaves of each season’s growth adhere 
to the branches for from about 7 to 10 years. When the leaves die 
and fall from the branches they leave a basal portion which gives 
the branches a rough appearance.? All but two of the North Ameri- 
can spruces have more or less distinctly 4-angled leaves, all sides 
of which are provided with minute stomata or pores. Leaves of 
the other two species are flat, being very indistinctly 4-angled, or 
flat triangular in cross section, and with minute pores only on the 
upper surface. In cross section the leaves of spruces usually show 
one or two resin ducts situated very near the lower surface; in some 
cases the leaves have no resin ducts. The winter buds of the spruces 
are made up of overlapping scales and, unlike those of the fir trees, 
have no resinous covering. 

Maile and female flowers of spruces are borne on the same tree 
and on twigs of the previous year’s growth. The male or pollen- 
bearing flowers are upright or drooping, yellow, bright purple, 
or rose-red, long or short, cylindrical bodies, about three-fourths 
inch to 1 inch by one-fourth to one-half inch. The female flowers, 
which produce cones and seed, are erect, yellowish-green or bright 

1 Considerable confusion still exists, especially among nurserymen, regarding the trees 
that are properly included in the genus Picea, which in 1830 the German botanist Link 
technically adopted as a generic name for the true spruces as we now know them. It 
seems probable, but this can not be established, that Pliny first used Picea as a classical 
name for a fir and Abies for a spruce tree. Later writers used Picea for the spruces and 
Abies for the firs, while in 1719 Tournefort consigned the firs, spruces, and our hemlock 
to the genus Abies. In 1754 Linnzeus went still farther by combining under Pinus the 
firs, spruces, hemlock, and larch. This gave rise to such peculiarly anomalous technical 
names as “ Pinus abies” for the Norway spruce, ‘‘ Pinus picea’’ for the European silver 
fir, and “ Pinus larix”’ for the European larch. As late even as 1836 Endlicher main- 
tained Link’s use of Picea for the spruces, but made it a subgenus of Pinus. From 1837 
to 1858, however, such eminent authors as D. Don, Loudon, and Gordon used Abies for the 
spruces and Picea for the balsam firs. Notwithstanding the fact that properly all Euro- 
pean and American botanists maintain Picea as the only legitimate generic name for the 
spruces and Abies for the firs, many Huropean and American nurserymen and horticul- 
turists continue to use Picea for the firs and Abies for the spruces, some even including 


the hemlocks (Tsuga) in the latter genus. 
2 See p. 18 for statement regarding the characteristic leaf-scars of firs. 
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red bodies of similar form, from three-fourths inch to about 1} 
inches in length by one-fourth to nearly three-fourths inch in diam- 
eter. The cones, matured in one season, are cylindrical or egg- 
shaped, always pendant or bent downward (Pls. I to V). Most 
of the spruces bear their cones at the extreme top of the crown; 
some bear cones on branches of the upper half of the crown. Asa 
rule, the cones are only lightly attached to the twigs, and after shed- 
ding their seed, in early or late autumn, they either fall from the 
trees during the winter or by spring. The cones of a few spruces are 
firmly attached and remain on the branches for a number of years 
after their seeds are shed. The scales of spruce cones are thin and 
without prickles (Pls. I to V), in this respect being unlike the thick, 
strong cone scales of pines, which often have sharp, strong prickles. 
Like the cone scales of the pines, however, they are firmly attached 
to a central woody column, and never fall away until the cone is 
rotted to pieces. Two seeds (PI. I, 0) are borne under each fertile 
cone scale; no seeds are produced by the usually much-aborted scales 
at the two ends of the cones. The seeds are light and provided at 
one end with a thin wing which renders them so buoyant that the 
wind disseminates them widely. The seed-leaves, the first foliar 
organs to appear after the seed germinates, are commonly from 5 to 
about 15, or sometimes only 4 in number (PI. III, 0). 

The spruces are exceedingly important forest trees, and some are 
much planted for ornament. They yield superior saw timber, the: 
straight and even grained wood being used for a great many commer- 
cial purposes, including paper pulp, for which it is unsurpassed. 

Seven species are indigenous to North America, all of which occur 
abundantly, or exclusively, within the United States. Four species 
are distributed over the western half of the United States, and three 
range mainly through northeastern United States and Canada, 
while two of these extend, almost entirely in Cages from the Great 
Lake region into Alaska. 

Species of this genus are of ancient origin, representatives of the 
group having existed from the Middle Cretaceous period to the Re- 
cent, while cones of both Picea canadensis and P. mariana, the white 
spruce and black spruce of to-day, are abundant in postglacial 
deposits at Chicago, Ill.t 


BLACK SPRUCE. 
Picea mariana (Mill.) B., S., and P. 
COMMON NAME AND EARLY HISTORY. 


This species has long been known as black spruce, a name probably 
coined from the tree’s most widely used technical name, Picea nigra, 


1The writer is indebted for this statement of the geologic history of Picea to Dr. 
_ Edward W. Berry, paleontologist, Johns Hopkins University, Baltimore, Md. 
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doubtless suggested by the dark blue-green foliage, which contrasts 
strongly with the ashy or glaucous green hue of the white spruce 
found in the same general region. “Swamp spruce,” “bog spruce,” 
and “ muskege spruce,” are local names applied to it when found grow- 
ing in wet, marshy places. Black spruce was doubtless well known 
to the French and English settlers in eastern Canada and New Eng- 
land ‘at least as early as the seventeenth century, but the first defi- 
nite account of it was not published until 1755,‘ and then not under 
a technical name. The black spruce was first technically described 
and named “Abies mariana Miller” in 1768. From 1800 to 1888 it 
was, however, known to botanists and horticulturists as Abies nigra 
and as Picea nigra, its present accepted name, Picea mariana (based 
on A. mariana), on being established until 1888. 

Several different forms of the black spruce have been named as 
distinct species (now doubtfully tenable), while about seven named 
horticultural varieties are distinguished in cultivation.” 


DISTINGUISHING CHARACTERISTICS. 


Black spruce is mainly an eastern and far northern species, in- 
cluded here because it occurs in the Canadian Rocky Mountain region. 
There it is from 25 to 40 feet high and from 4 to 8 inches in diameter. 
In its wider eastern range this tree exceptionally attains a height of 
from 50 to 75 feet and a diameter of about 1 foot; very occasionally 
it grows to 100 feet in height and 2 to 3 feet in diameter. The crown — 
is characteristically open and irregular, extending to the ground, 
except in middle-aged or old trees grown in a dense stand, where the 
lower half of the trunk is clear of branches. The usually short, slim 
branches, often distant from each other, commonly droop at their 
ends, but some forms of the tree have peculiarly stiff branches. A 
stunted form of this tree growing in wet marshes has tufts of very 
short branches, only or chiefly, at the top of the stem. The great 
variation in the habit of the branches and density of the crown 
appears to be due entirely to differences in habitat, which ranges 
from wet, boggy marshes to dry uplands. 

The foliage is a deep blue-green, with a tinge of whitish, the 
short leaves (Pl. I) standing out on all sides of the branches. A 
cross section of the leaves shows two minute resin ducts close to the 
surface and near the angles of the leaf. The bark of old trees is 
thin and composed of small ashy-brown scales. The young twigs of 
a season’s growth are usually a pale russet-brown, coated with small 
hairs of similar color. 


1Du Hamel, Traité des arbres et arbustes, I, 17, 1755. 

2 See Nomenclature of Arborescent Flora ef U. S. (Bull. 14, Div. Forestry, U. S. Dept. 
Agr.), 34, 1897. These ‘“ varieties” are distinguished chiefly by slight differences in the 
shape of the crowns and by the color of the foliage. The variety known in cultivation as 
“Picea nigra Doumetii’’ is very distinct in its narrowly pyramidal, dense crown. 
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The cones (Pl. I, a) are ripe by the end of August, when they are 
pale ashy brown, and within a few weeks afterwards they shed their 
small winged seeds (PI. I, >). Because of their very stout, firm 
stems the cones of this spruce remain firmly attached to the branches 
for very many years, a characteristic which roughly distinguishes 
this tree from other species of its range. The stems of the cones are 
curved downward or inward toward the branch. Scales of the open 
cones are peculiarly stiff and resistant to pressure of the hand, but 
are easily broken if squeezed together. The seeds (PI. I, }) are a 
deep chocolate brown. Seed-leaves, usually 6, are about one-half inch 
long or shorter. 

Black spruce wood is usually of a clear, very light yellow color. It 
is characterized by a thin layer of sapwood and very narrow annual 
rings of growth. It is heavier than that of any other native spruce, 
a cubic foot of seasoned wood weighing nearly 33 pounds. The color 
of wood from different individual trees of this species often varies 
greatly, so that it is easy to confuse the wood with the pale or yellow- 
ish-white wood of the white spruce, with which black spruce wood 
may be mingled occasionally as lumber. Black spruce is commer- 
cially the least important of all the eastern spruces, chiefly on account 
of the small size of the tree, which in the eastern part of its range 
is cut mainly for paper pulp. 
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OCCURRENCE” AND HABITS. 


Black spruce is essentially a swamp tree, characteristic of cold, wet 
bogs and margins of lakes (Map No.1). It grows on clay and heavy 
glacial drift, and occasionally also on high, well-drained hill soils, 
where it is much less abundant than in moister sites and is small and 
stunted. The best growth is found in constantly moist, well-drained 
alluvial soils, while the tree is most abundant in wet soils. Depth of 
soil is not essential, owing to shallow root system. The vertical range 
is imperfectly known at present, but the tree occurs more or less at 
elevations between about 100 and 38,500 feet. Black spruce forms 
pure forests over limited or small areas, the largest and best stands 
occurring in moist, well-drained alluvial bottoms. It also grows in 
mixed stands associated with tamarack, black cottonwood, balm of 
Gilead, aspen, willows, and alders. 


1 Considerable quantities of “spruce gum” are collected from injured places in the 
trunks of black spruce, chiefly, however, in the tree’s eastern range, where the white and 
red spruce also yield a part of this crude product, which is later refined and prepared for 
market. 

2 William Aiton states in his “ Hortus Kewensis ”’ that black spruce was introduced into 
Hngland in 1700. According to Hlwes and Henry (The Trees of Great Britain and Ire- 
land, VI, 13877, 1912), black spruce planted near Colesborne attained a height of 56 feet 
and a diameter of about 11 inches in 55 years. Trees planted in Scotland in 1832 were 
40 feet high in 1904. The trees planted in moist or wet situations appear to be thrifty, 
while those set in drier places have proved to be short-lived. 
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It is very tolerant of shade, being able to recover from suppression 
up to an advanced age. Dense stands of black spruce produce a 
heavy crown cover, which frequently shades out tamarack and other 
intolerant trees. Black spruce is most tolerant on wet soils, which 
are often covered with dense stands of slow-growing trees, and least — 
tolerant of shade in dry, well-drained situations, where it usually 
grows in more open stands. Ability to endure dense shade enables the 
trees to retain their side branches for a relatively long time, those 
with clear trunks occurring only in the densest stands. — 

Black spruce is not a prolific seeder, although some seed is usually 
borne locally each year; abundant seed production occurs only at 
rather long, irregular intervals. The seed has a moderately high 
germination and persistent vitality. Germination is best on con- 
stantly moist mineral or humus soils, on wet, decayed fallen trees, 
moss, and moist, decomposed spruce leaf litter. The leaf litter of 
broadleaf trees is not, as a rule, favorable to germination, because 
the seedling roots can not penetrate the tough mass of duff. Seed- 
lings require at least moderate shade for their development during 
the first one or two seasons, while the young plants grow most 
thriftily in dense shade. 

The lower branches of black spruce trees frequently take root when 


~ lying in close contact with moist earth or leaf mould, and produce 


clusters of little trees under the shade of the mother tree. 
LONGEVITY. 


In general, black spruce is moderately long-lived, trees of average 
size being from 125 to 200 years old. Trees in wet situations grow 
very slowly, often only 1 to 2 inches in diameter in 75 or nearly 100 
years. Further age determinations are desirable of trees grown in 
the moister and drier situations. 


WHITE SPRUCE. 
Picea canadensis (Mill.) B., S., and P, 


COMMON NAME AND EARLY HISTORY. 


Picea canadensis is most commonly and widely known as white 
spruce, this name referring to the whitish hue of the foliage. It is 
also locally known as “cat spruce” and “skunk spruce” because of 
the polecatlike odor given off by the foliage and young twigs, 
. especially when crushed. White spruce was the first of our spruces 
to receive published notice, an account of it appearing as early as 
15351 and again in 1620.2. The first of these records refers to trees 

1“ Bref Recit et Succincte Narration de la Nami oation faite in mdxxxv. mdxxxvi, Parle 


_ Capt. Jacques Cartier aus Iles de Canada,” 24, 1535. 
2 John Mason, “A Brief Discourse of the Newfoundland.” 
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seen along the Saguenay River, in southeastern Quebec, Canada, 
and the second account tells of trees observed in Newfoundland, 
where the species is abundant. It was technically described and 
named for the first time as “Abies canadensis Miller” in 1768, 
although the author of this name previously described the tree with- 
out naming it in 1731. During the century and a half that white 
spruce has been known to science no less than 20 different specific and 
varietal names have been given to various forms of it.t. Down to 
1888 botanists knew it chiefly either as “Abies alba Michaux” (pub- 
lished in 1803) and as “ Picea alba Link” (published in 1831), its 
present generally accepted name, Picea canadensis (based on Abies 
canadensis Mill.), having been established in 1888. 


DISTINGUISHING CHARACTERISTICS. 


White spruce is only sparingly represented in our Rocky Mountain 
region, its main range being in northeastern United States and Can- 
ada. It varies in height, according to situation, from 15 to 75 feet 
and in diameter from 12 to 20 inches. The largest trees occur in 
the East, where the height is from 80 to 100 feet or more and the 
diameter from 24 to 36 inches. Trees 3 or 4 feet in diameter and 
over 100 feet high are rather rare. The trunk is straight and clear 
of branches for one-third to two-thirds of its length, with a some- 
what open, irregular, and widely pyramidal crown, the top of which, 
especially in old trees, may be rounded or flattened; very often, how- 
ever, the crown is sharply pointed. The branches are long and thick, 
and commonly curve down and then upward. A striking character- 
istic of the branches is their numerous small, drooping side branchlets. 

Bark of the trunks is thin, rarely over one-half an inch thick, and 
is early broken into small, thin, pale, ashy-brown scales, the color, 
however, varying greatly with the density of the stand. 

The dense foliage is characteristic in its light blue-green color, 
which in some individuals has a distinct whitish tinge.t The 
4-angled leaves (Pl. IL) grow from all sides of the twigs, and often 
stand out loosely; but for the most part they appear to grow on the 
upper sides of the branches, particularly at and near their ends, the 
lower leaves being bent upward, so that all appear to be massed on 
the upper side. A cross section of the leaves shows two minute resin 
ducts close to the border and near the angles of the leaves. Twigs 
of a season’s growth are dark yellow-brown, and, as a rule, are 

1 White spruce has been cultivated for ornament for many years both in Europe and in 
this country. Loudon (Arb. et Frut., IV, 2812, 1838) informs us that Bishop Compton 
introduced it into England in 1700. Some 10 different garden forms have been developed 
and are now technically named. They are all distinguished from the species chiefly by 
their smaller size, shape of the crown, or color and habit of foliage and branches. The 


best marked garden variety is P. canadensis glauca, which is a handsome form with pale 
blue-green foliage closely pressed upon the twigs. 
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smooth, but twigs of the far northwestern forms of this species are 
apt to be finely downy. A notable distinguishing character of the 
foliage and young twigs is the fetid, polecatlike odor they emit, 
especially when bruised. Foliage a year old or older gives off a much 
less distinct odor, while the odor of foliage from different trees varies 
greatly in intensity. 

The pendulous cones (Pls. II and IIT) are borne mostly at the be 
of the tree, but occasionally a few are produced on the middle and ° 
lower crown branches. They reach maturity by the end of one sum- 
mer, when they may be light grass-green tinged with red or bright 
rose-red. ‘The small, light, yellow-brown seeds (Pl. II, a) are shed 
in September. After shedding their seeds the cones are a light clay- 
brown. Being lightly attached to the twigs, they usually fall from 
the trees during autumn or by the following spring. They vary in 
length from about 1 inch to nearly 24 inches, but are usually about 

? inches long. When open and dry the cone-scales are so thin and 
flexible that they can be squeezed together without breaking them. 
The seed-leaves (PI. III, 0), which vary in number from 6 to 9, are 
slender and from one-half to nearly three-fourths of an inch long. 

The wood of. white spruce is pale yellowish-white, rather soft in 
texture, straight-grained, and with very narrow growth rings; the 
thin layer of sapwood is only slightly paler than the heartwood. 
White spruce wood ranks fourth in weight among native spruces, a 
cubic foot of seasoned wood weighing 254 pounds. Commercially 
the white spruce is one of the two most important timber spruces of 
northeastern North America.t Here it is extensively cut for lumber, 
which is used in general construction work and for interior finish. 
Large quantities are also cut for paper pulp. In its western range 
white spruce is locally used chiefly for lumber in rough construction 
work. 


1 Stewardson Brown believes there is a second distinct species of white spruce which he 
found in the Canadian Rockies of Alberta and British Columbia. He describes this tree 
as growing at low altitudes in wet ground and on river bottoms, where it often occurs to 
the exclusion of all other trees. Dr. N. L. Britton (‘‘ North American Trees,” p. 58, 
1908) has given this species the common name ‘‘ Western white spruce” and states that 
it ranges “from Wyoming and Montana north and westward into British Columbia.” 
Mr. Brown’s description of the tree follows: 

“This species has been referred by authors to Picea canadensis (Mill.), B. 8. P., and 
P. mariana (Mill.), B. 8. P., to both of which it bears a certain resemblance, but from 
two months’ experience with the tree during the past season in the region from Banff, 
Alberta, to Field, British Columbia, I am satisfied that it is quite distinct from either, 
and therefore propose for it the following name: 

“Picea albertiana sp. noy.—A slender tree, attaining a height of over 15 meters. 
- Twigs and sterigmata smooth and shining or occasionally slightly granular but never 
glaucous, yellowish brown when young, becoming darker with age; sterigmata strongly 
reflexed and standing out frequently more than 1 millimeter from the twigs; leaves pale. 
blue or blue green, surrounding the stem and crowded toward the upper side, at the ends 
of the branches, 1.5 to 2.5 centimeters long, feur-sided, with three, four, or sometimes five 
rows of stomata on each side, incurved, acute, or acuminate with a rigid tip; cones 


<< 
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PLATE III. 


PICEA CANADENSIS: FOLIAGE AND OPEN Cones. 
a, Upper (right) and lower sides of seeds with wings; b, seedling, one month old. 


SPRUCE AND BALSAM FIR TREES. 9 


OCCURRENCE AND HABITS. 


Picea canadensis occurs on river banks, terraces, dryish margins of 
swamps and lakes, and on adjacent sides of ridges and hills at ele- 
vations of from near sea-level up to about 5,000 feet (Map No. 2). 
Tt is most frequent on sandy loam soils with moderate moisture, but 
grows on very shallow soils from the margins of swamps to the tops 
of mountains. The largest trees are found in moist, well-drained, 
finely divided porous soil; situations too dry or too wet produce 
dwarfed, stunted, slowly grown trees. White spruce forms pure 
dense forests, often of great extent. It occurs also in mixed stands. 
Usually it forms extensive pure forests in well-drained soils along 
rivers and on lower valley slopes. On wet or moist flats it often 
gives way to black spruce, tamarack, or cottonwoods, and on dry 
terraces to lodgepole pine. At timber line it is sometimes associated 
with alpine fir. Dense groves and strips of pure white spruce occur 
frequently, closely associated with birch, alder, aspen, willows, and 
black cottonwood. 

Picea canadensis is tolerant of considerable shade from the seedling 
to pole stages of growth. Young trees are able to maintain them- 
selves for many years under rather heavy crown cover and to recover 
from suppression when given top light, being surpassed in this re- 
spect only by the black and red spruces. With top light the trunks 
of young trees retain their lower side branches persistently, long, 
clear stems occurring only in very close stands of older growth. 
Thriving under light shade of poplars and birches, this spruce often 
replaces these trees after fire or lumbering. 

White spruce is a moderately prolific seeder. Considerable seed is 
produced locally every year, while heavy seed production occurs over 
parts of its range at more or less regular intervals of from five to 
eight years. The seed has only a moderately high rate of germina- 
tion, but persistent vitality. Good germination of the seed occurs 
ovate, bright crimson when young, at maturity 2.5 to 3.5 centimeters long and nearly as 
broad when expanded, early deciduous; scales stiff and rigid, broadly rounded at the 
apex, entire, broader than long, cinnamon-brown with a chestnut edging and shading to 
darker chestnut toward the base; bract 2 millimeters or less long, 1 millimeter broad, 
with a sharply angular, more or less acute erose tip. 

“Type: No. 796, 8S. Brown, Bankhead, Alberta. 

“The common spruce of the lower altitudes through the Canadian Rockies in Alberta 
and British Columbia, differing from P. canadensis (Mill.), B. S. P., in the longer, 
strongly reflected sterigmata, shorter, broader, and darker-colored cones, with broadly 
rounded scales and minute sharply angled bracts and from P. mariana (Mill.), B. S. P., 
in the lighter-colored smooth twigs with longer sterigmata and light-blue or blue-green 
leaves, and cones with broader, entire scales with angular-tipped bracts.” (Torreya, vol. 
7, 125, 126, June, 1907.) 

The present author has not seen authentic specimens of this tree on which the above 
description is based. As nearly as can be judged from descriptions of its characters it 
appears to be closely related to Picea canadensis, particularly in the color and form of 


the foliage and cones. Dr. Britton’s figures (1. c. 45) of a cone shows some of the cone 
scales, however, to be decidedly different in form from those of Picea canadensis. 
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only on moist, decomposed organic, or mineral soils. Natural repro- 
duction is usually abundant under mature spruce on damp moss over 
organic soil, and on moss-covered decayed logs and stumps. White 
spruce reproduces itself poorly on thick leaf-litter of broadleaf trees, 
because, as in the case of black spruce, the seedlings can not Ee netnate 
the tough mass. 


f LONGEVITY. 
White spruce is a long-lived tree, reaching an age of from 250 to 
300 years. 


ENGELMANN SPRUCE. 


Picea engelmanni Engelmann.* 
COMMON NAME AND EARLY HISTORY. 


Lumbermen and other woodsmen know this tree mostly as “ spruce,” 
while some call it “ white spruce,” probably because of its general 
resemblance to the true white spruce (Picea canadensis), with which 
they may have become acquainted in the East. It is, however, com- 
monly known to foresters and botanists as Engelmann spruce, a name 
which it is hoped may be generally adopted both because of its dis- 
_tinctness and the fact also that it commemorates the name of one of 
the ablest students of western trees. 

It seems probable that Lewis and Clark were the first discoverers 
of this species, while crossing the Bitter Root Mountains in 1805 on 
the Lolo Trail. Mention is made in their narrative? of a “spruce,” 
which must have been the tree we now know as Picea engelmanni. 
To Dr. C. C. Parry belongs the credit of having first distinguished 
this tree, in 1862, from the black spruce (Picea mariana), for which 
earlier plant explorers of the Rockies had mistaken it. In that year 
Dr. Parry found Engelmann spruce on Pikes Peak, Colo., and in 
1863 is said to have sent seeds of it to the Botanic Garden of Harvard 
University, where it was probably cultivated for the first time in this 
country. The first technically established name? and description of 

1 Dr. George Engelmann did not name this tree in honor of himself, as might appear 
from the present form of its technical name. Dr. Parry (Trans. Acad. Sci., St. Louis, II, 
122, 1868), recognizing that this tree had been erroneously referred by Hngelmann to 
Abies nigra (another distinct species), called it Abies engelmanni, which proved to be a 
nomen nudum. Later Engelmann (loc. cit., 212) cited Parry’s name, A. engelmanni, and 
in doing this formed a new name, Picea engelmanni, which he credited to Parry. As a 
matter of fact, Parry did not write Picea engelmanni; consequently Engelmann was the 
first publisher of the name Picea engelmanni, but certainly with no intention of naming 
this tree in honor of himself, 

2Hist. of Hxpedition under Command of Lewis and Clark (ed. Coueg), II, 590. 
Whether the discovery was made on the Montana or Idaho side of the Bitter Roots, which 
the Lolo Trail crosses, appears to be unknown. 

3 According to:James Veitch & Sons (A Manual of Coniferae, p. 69, 1881) Engelmann 


spruce was introduced into England in 1864, where it appears to grow thriftily. Later it 
was introduced into Germany and extensively tested for its value in forest plantations. 
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Engelmann spruce was published in 1863, since which time writers 
on North American trees have generally agreed in maintaining the 
different wild forms of this tree as one species. 

Three or four garden forms of this spruce have been designated 
as varieties! They are distinguished by their crown habit, size, or 
the color and length of the leaves. 


DISTINGUISHING CHARACTERISTICS. 


In dense stands Engelmann spruce has a straight, clean, slightly 
tapering trunk with a close, very short, narrowly pyramidal crown 
of small branches; the upper-crown branches are exceedingly short 
and form a narrow spirelike point. Such trees are from 80 to 100 
feet or more in height, and from 18 to 36 inches in diameter. Larger 
trees occur sometimes, but they are now rather rare. When growing 
singly or in an open stand, Engelmann spruce has a similarly shaped 
but longer crown, with drooping lower branches often extending 
down to the ground. The middle-crown branches are horizontal and 
the top branches strongly upright. Trees of this form are usually 
from 60 to 80 feet high, with very tapering trunks, and if exposed 
to heavy winds the lower branches are often long and stout. From 
all of the main branches hang numerous tassel-like side branchlets 
which give the tree a very compact appearance. At high altitudes, 
Engelmann spruce is often not more than from 2 to 4 feet high, when 
the spikelike stem bears only a few short, densely leaved branchlets, 
while enormously long branches grow from the base of the stunted 
trunk and spread over the ground. The trunk bark becomes scaly 
even on rather young trees. On older and larger trees it is thin, dark 
purplish-brown or russet-red, and outwardly composed of very loosely 
attached small scales. 

The foliage of Engelmann spruce is a deep blue-green, that of 
some trees. being decidedly silvery or whitish. This silvery or 
whitish tinge is very marked on young trees, but occasionally large 
and moderately old trees still retain it. The 4-angled leaves (PI. 
IV, ¢) are rather soft to the touch, usually about an inch in length, 
but often longer, especially on young, vigorous trees. The leaves 
are spreading on young twigs and on those which do not bear cones, 
while on cone-bearing twigs (Pl. IV) they are commonly crowded 
and usually shorter; they are also often curved so as to appear to 
grow mainly on the upper side of the branchlet. The point of the 
leaf is, as a rule, characteristically short and flattish, the short types 
of leaves exhibiting this more strongly than the longer ones (PI. 

1Picea engelmanni griseifolia Sudw. (=“P. e. glauca’), P. e. argyrophylla Sudw. 


(=“ P. e. argentea’’), P. e. minutifolia Sudw. (= P. e. microphylla Hesse’’), and P. e. 
fendleri Henry are the garden varieties found in cultivation. 
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IV, c).*. A cross section of the leaf shows no resin ducts. A dis- 
agreeable odor? is emitted by young leaves and young shoots when 
crushed. The twigs are more or less minutely hairy and remain 
so for about 3 years. 

The cones, which mature in a single season, are ripe by the middle 
or latter part of August. Mest of them are borne near the top of 
the crown. By October the seed is usually all shed. Cones (Pl. IV) 
vary greatly in length from about 1 to nearly 3 inches, the usual 
length being about 14 inches. The cone scales also are very variable 
in outline. They are commonly narrowed to squarish ends; some- 
times, however, the ends of the scales are pointed, and occasionally 
rounded.? When mature, and shortly after shedding their seeds. 
the cones are somewhat shiny, and vary in color from light brown 
to dark cinnamon-brown. They fall from the trees during autumn 
or early winter. - The small winged seeds (Pl. IV, a) are blackish- 
brown. The seed-leaves are usually 6 (Pl. IV, 0). 

The wood of Engelmann spruce has thin layers of growth, is soft, 
straight-grained, and of a very light yellowish to faintly reddish- 
brown color. The sapwood is comparatively thick and as a rule only 
a trifle lighter in color than the heartwood. The wood is lighter in 
weight than that of any other native spruce, a cubic foot of seasoned 
wood weighing about 214 pounds. Engelmann spruce is cut exten- 
sively for lumber, which is used for general construction and to some 
extent locally for interior finish. The timber is also much used for 
temporary or light-traffic ties, telephone and telegraph poles, mine 
props, fuel, house logs, and corral poles. 


OCCURRENCE AND HABITS. 


This species is essentially a tree of high altitudes (Map No. 3). 
Demand for soi! moisture limits its occurrence to high elevations or 
to land moist from springs, seepage, or overflow. The lower range of 
Engelmann spruce is confined to moist canyons or to protected north 
slopes, while on other exposures it finds sufficient soil moisture only 
at higher altitudes. Owing to lower temperatures and less intense 
light in the North, favorable moisture conditions occur there at lower 
elevations than in the South, hence, in general, the gradual lowering 


1 Occasionally trees have exceptionally flat leaves with distinctly slender, keen points, 
in the latter character closely resembling lower-branch leaves of Picea parryana. The 
presence, however, of minute hairs on the twigs serves to distinguish this form from the 
blue spruce, which has smooth twigs. 

2The odor is somewhat like that described for white spruce, but very much less 
pronounced. 

’ Picea columbiana Lemmon (Gard. & For., X, 183, 1897) appears to be based upon the~ 
northern form of Picea engelmanni, in which the cone scales are aften more or less 
rounded at their ends. This form of Engelmann spruce is the one occurring commonly in 
Montana, Idaho, and British Columbia. Cone scales of Engelmann spruce growing in the 
- central and southern Rocky Mountain States generally have squarish ends. 
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PICEA ENGELMANNI: FOLIAGE AND OPEN CONES. 


a, Upper (left) and lower (right) sides of seeds with wings; b, seedling one week old; ¢, 
oe leaves showing variation in length (two and one-half times larger than natural 
size). 
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of the tree’s altitudinal range of from 8,500 to 12,000 feet in the 
South to 6,000 feet in the North, with increasing latitude. This vari- 
ation, however, is not consistent throughout the tree’s range, because 
local climatic factors often have a modifying influence. Trees of 
merchantable size occur at the middle and lower levels, while chiefly 
stunted growths are found at timber line. Engelmann spruce shows 
little preference regarding the character of soil if there is sufficient 
moisture. It grows fairly well on dry soils, but usually gives way 
on porous soils to lodgepole pine, Douglas fir, and to other trees 
requiring better drainage. It thrives on retentive, fine, loamy soils, 
but attains the largest size on deep, rich, moderately moist soils of 
gulches and high river valleys. A shallow root-system enables this 
species to maintain itself on thin soils of slopes and on the wet mar- 
gins of rivers, lakes, and swamps. 

Engelmann spruce forms extensive pure forests and occurs also 
in mixed stands. Pure stands are somewhat more frequent in the 
South than in the North, where it chiefly meets trees of similar sil- 
vical requirements but of less extended southern range. In mixed 
stands it is found most frequently with alpine fir, Douglas fir, and 
lodgepole pine; occasionally it is associated with bristle-cone pine, 
white fir, and limber pine. 

Picea engelmanni is very tolerant of shade, especially in youth, 
in this respect surpassing most of its associates. It endures years 
of shading and makes good growth when released from suppression. 
Owing to its great tolerance of shade this spruce forms close stands 
of many ages, thus, preserving good forest conditions. 

Engelmann spruce is a prolific seeder over most of itsrange. Large 
crops of seed are produced locally at intervals of about three years. 
The seed has a high rate of germination and remarkably persistent 
vitality. Seed so stored as to preserve its moisture and to prevent 
molding may show a germination of from 30 to 50 per cent after 
being kept four or five years. Trees begin to produce seed from about 
the twenty-fifth year and continue bearing it to an advanced age. 
Seeds germinate best in. moist mineral soil, seedlings being rarely 
found in humus. Notwithstanding prolific seed production, seed- 
lings are not generally abundant. Reproduction appears to pro- 
ceed rather slowly but persistenly, seedlings being most numerous 
in small protected openings in the forest. Low branches of isolated 
trees also favor germination and protect seedlings, through which 
groups of trees are built up, and these combine with other near-by 

groups finally to form continuous stands. 


LONGEVITY. 


Engelmann spruce is a very long-lived tree, even in the most un- 
favorable situations. Trees from 16 to 22 inches in diameter are 
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from 350 to 460 years old. Stunted trees from 3 to 5 inches in 
diameter grown on high wind-swept crests are from 150 to 200 years 


old. Extremely large trees occasionally found would doubtless prove 
to be from 500 to 600 years old. 


BLUE SPRUCE—“ COLORADO BLUE SPRUCE.” 


Picea parryana* (André) Gardeners’ Chronicle. 


COMMON NAME AND EARLY HISTORY. 


Blue spruce is popularly one of the most widely known North 
American conifers, and chiefly because of the handsome pyramidal 
crown form of young trees and the exceptional silvery hue of its 
foliage, which the common name “blue spruce” aptly describes. 
Because much of the cultivated stock is raised from seed obtained 
from Colorado, the tree is frequently called Colorado blue spruce. It 
was discovered 53 years ago on Pikes Peak, Colo., by Dr. C. C. Parry, 
whose name it now bears. In the same year (1862) blue spruce was 
described for the first time and named “ Abies menziessii Engelmann.” 
This name had to be abandoned because in 1833 Lindley had applied 
it to another tree. In 1863 it was named “Picea menziesii Engel- 
mann,” which likewise proved to have been preoccupied in 1855. The 
first tenable name attached to the blue spruce is “Abies menziesii 
parryana André,” which was published in 1876, and on which the 
present accepted name of this tree, Picea parryana, is based. Blue 
spruce is, however, very commonly known to growers of ornamental 
trees as Picea pungens Engelmann, which was published in 1879.3 


1The question of what authority should be attached to Picea parryana (André), which 
is based on Abies menziesii parryana André (1876), is somewhat perplexing. Recent 
authors write ‘‘ Picea parryana Sargent,’’ which is presumably based on Prof. Sargent’s 
publication of this combination in Garden and Forest (X, 482) in 1897 or on his use of 
this name in the Silva (XII, 47) in 1898. However, the Index Kewensis (Fasciculus IIT, 
520) established Picea parryana in 1894 by citing as a synonym of it Picea pungens 
Engelmann (published in 1879), giving “Hort. ex Parry” (in Gard. Chron., XX, 725, 
1883) as the authority for Picea parryana. Incidentally, Dr. Parry is not responsible for 
this name, in so far as published evidence is concerned, as reference to the page cited in 
the Gardeners’ Chronicle will show, but a nameless writer for the above English journal. 
“ Picea parryana ’’ was, therefore, clearly established first in 1883 by this anonymous pub- 
lication in the Gardeners’ Chronicle, and there would seem to be no good reason why 
Gardeners’ Chronicle, the actual authority for Picea parryana, should be ignored. It is 
perhaps unfortunate that the name of a journal must be cited as authority for a technical 
name, but strict observance of the facts in this case seems to make it unavoidable. 

2 Sargent, Silva, XII, 48. 

®The first trees cultivated in this country were probably raised from seed which Dr. 
Parry sent to the Botanic Garden of Harvard University, Cambridge, Mass., in 1863. 
(Gard. Chron., XX, 725, 1883.) This and many other later trials of the tree in our 
Northeastern and Middle Hastern States have shown that blue spruce can be successfully 
grown in these regions. The fact, however, that the great beauty of crown and the bril- 
liant color of the foliage are gradually lost as the trees grow older limits the lasting 
usefulness of this species for ornament. 7 

Blue spruce was probably introduced into England in 1877 (Gard. Chron., VII, 48, 562, 
1877), where it grows thriftily. 

The German Government began testing blue spruce in the latter part of the eighties 
from seed collected in Colorado, and Dr. Schwappach (Zeitschr. Forst- und Jagdwesen, 
XXXIII, 211, 1901) states that this species is well adapted for forest planting in 
northern Germany. 
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DISTINGUISHING CHARACTERISTICS. 


The popularity of this spruce for ornamental planting is due to 
the exceptionally bright silvery-blue foliage* of some young trees. 
The brilliant color of young trees is, however, gradually lost as they 
grow older, the foliage of trees even 25 to 35 years old sometimes 
being decidedly greenish and lacking in beauty. With age also the 
early distinctly pyramidal crown, with branches down to the ground, 
becomes thin and irregular in outline, due to the uneven growth of 
the branches, and later the lower limbs disappear, leaving from one- 
fourth to one-half of the trunk clear. The thick, strong branches 
grow in rather distant circles or whorls about the trunk, and with 
their many much-branched, stiff, upturned side branches form pecu- 
liarly wide, flat sprays, especially in the lower and middle parts of 
the crown. ‘The trunk is strongly conical. Full-grown trees, which 
sometimes form, as do some other spruces, two or more separate 
trunks, are from 70 to 90 feet, or, in specially favorable situations, 
from 110 to about 130 feet in height. The diameter varies from about 
16 to 48 inches, but is commonly from 16 to 24 inches. 

The bark of mature trunks is from one-half inch to 14 inches 
thick, rather deeply furrowed, and composed of small, thin, elon- 
gated scales which are externally weathered to a light ash-color, 
sometimes with a brownish tint, and a bright red-brown beneath. 
The similarly colored bark of young trees is much thinner, irregu- 
larly broken and roughened by thin scales. The smooth 1-year-old 
twigs are clear reddish yellow, later becoming grayish, while the 
large buds, about one-half inch long, are light chocolate brown. 

The quadrangular dull gray-green, blue-green, or silvery-white 
leaves (Pls. V, 0, and VI, 5) are stiff and very keenly pointed. As 
a rule, the latter characters at once distinguish this tree from the 
frequently associated Engelmann spruce, the leaves of which are 
bluish, but rarely as stiff and as keenly pointed as those of the blue 
spruce. The leaves bristle from all sides of the twigs, and are from 
seven-eighths inch to 14 inches long on lower branches, particularly 
of young trees (Pl. V, >), and one-half to three-fourths of an inch 
long on upper cone-bearing branches (Pls. V and VI). A cross 
section of the leaf shows one resin duct in an angle of the leaf. The 
leaves of each year’s growth remain on the branches for from 8 to 
9 years. 

The cones, which are produced mainly on the upper fourth or 
third of the crown, mature in one season, and are from 24 to 44 

1 Seedlings show great variation in the intensity of the blue color of their foliage, and 
ornamental tree growers have developed, mainly by selection, at least half a dozen named 
horticultural ‘‘ varieties’ of this tree, each of which is distinguished chiefly by differences 
in the color of the foliage, which varies from green to bluish and silvery white. These 
forms are, however, not fixed in nature and have no stable botanical standing. One of 


the most brightly colored of these garden forms is the so-called ‘‘ Koster blue spruce” 
(“ Picea pungens var. glauca Kosteri’”’) propagated extensively in Europe. 
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inches long (Pl. V, a), but usually about 34 inches. They are ripe 
by the middle or end of August, the thin, tough scales spreading 
slightly and shedding their seeds during September. In color the 
cones are a very light yellow-brown and rather shiny. A few of 
the empty cones fall during the first winter, but the majority re- 
main on the trees until late autumn of the second season. The 
small seeds (Pl. VI, a) are dull chestnut-brown and have pale 
yellow-brown wings. Seed-leaves of the blue spruce vary in number 
from 5 to 6 (PI. V, ¢). 

The sapwood and heartwood are often very similar in color. 
When distinguishable, the heartwood is pale brownish-yellow to 
light straw color, while the sapwood is nearly white, the smoothed 
surface of both having a silklike sheen. Seasoned wood is rather 
light, weighing about 23 pounds per cubic foot, ranking fifth in 
weight among our spruce woods. It is moderately soft, brittle, and 
with narrow, often exceedingly narrow, rings of growth. Owing 
to the limited supply and the commonly knotty character and other- 
wise inferior quality of the wood, it is the least valuable of all of 
our native species for commercial purposes. It is rarely used, ex- 
cept locally for house logs, corral poles and posts, temporary mine 
props, fuel, and occasionally for railroad ties. 


OCCURRENCE AND HABITS. 


Single trees, small groups, and scattered pure groves of limited 
size occur along the immediate banks of streams flowing in deep 
and shallow canyons, and in broad, open, grassy valleys. (Map 
No. 4.) Occasionally single trees are found several hundred yards 
away from streams and 200 to 300 feet above the water. The largest 
trees are always found near water. Blue spruce grows in moder- 
ately rich dry to moist gravelly, sandy, er rocky soils, at elevations 
between about 6,000 and 8,500 feet, sometimes ascending to nearly 
10,000 feet. It is associated mainly with Engelmann spruce, alpine 
fir, and occasionally with narrow-leaf cottonwood. 

The light requirements of blue spruce are imperfectly known at 
present, but it is closely similar in tolerance of shade to the Sitka 
spruce, yet much less tolerant than Engelmann spruce, black spruce, 
and red spruce. Seedlings and young trees endure but little shade 
without a material check to their growth, the most vigorous and full 
development occurring only in full light.t | With top light saplings 


and older trees are able to endure considerable side shade. 
Blue spruce is an abundant seeder, producing full crops of cones 


at intervals of 2 or 3 years. The seed has a rather high rate of ger- 


i Much disappointment is experienced by those who use this tree for ornament because 
it does not continue to maintain a full, vigorous crown when planted under the shade of 
older trees or in close groups. The best form can be produced only by planting single 
trees, or groups of trees widely spaced, so that they will have full enjoyment of sunlight. 
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a, Detached large form of open cone; b, mature leaves 
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PICEA PARRYANA: FOLIAGE AND PARTLY OPEN CONES. 


a, Upper (lower row) and lower sides of seeds with wings; b, detached leaves showing variation ~ 
in shape and length (two and one-half times larger than natural size). 
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mination and persistent vitality. Reproduction, however, is gen- 
erally scanty and confined mostly to exposed mineral soil in the 
immediate vicinity of seeding trees. Scanty reproduction elsewhere 
near mother trees probably is due to the fact that the light seed is 
prevented from coming in contact with mineral soil by the dense 
herbage and other ground cover abundant in the habitat of this 
spruce. Only seldom is abundant reproduction seen where a seed 
crop chances to fall on earth slides or on moist soil otherwise exposed. 


LONGEVITY. 


The blue spruce is apparently a very long-lived tree, some of the 
largest trees probably being not less than 400, and possibly 600 or 
more years old. Diameter growth is often extremely slow, trees 4 to 
5 inches in thickness having attained an age of from 125 to 135 years, 
while trees 18 to 22 inches in diameter are from 275 to 350 years old. 


GENERIC CHARACTERISTICS OF BALSAM FIRS. 


The true balsam firs are evergreen trees with conical, often sharp 
spirelike, dense crowns of heavily foliaged branches, which by side 
branching form wide, flat sprays. They are medium to very large 
size trees with very straight trunks, which gradually taper to one 
or two slender leaders. Whorls or circles of rather short small 
branches grow from the trunks at regular, distant intervals. The 
cone-shaped or arrowlike heads and straight stems of these trees 
usually distinguish them at a distance from all other associated 
conifers. Before the trunk bark is broken or furrowed by age, it is 
marked by many horizontally elongated, blisterlike resin pockets, 
which are formed just beneath the smooth surface. These resin 
pockets are often an inch or more long, and so numerous as to be 
very conspicuous. No other native trees have this characteristic so 
plainly marked.2 It seems probable that trees of this group were 
given the popular names “balsam” and “balsam fir” because of the 
liquid resin which is obtained from the pockets of some species for 
medicinal and mechanical purposes.? The winter buds of our native 


1 The class and family relationship of the firs to other cone bearers is fully discussed 
by the writer in Bulletin 207, U. S. Department of Agriculture, ‘‘ The Cypress and Juniper 
Trees of the Rocky Mountain Region,” 1915. 

* Small resin blisters are sometimes formed in the smooth bark, especially of the upper 
stems, of young Douglas fir (Pseudotsuga tazifolia) and Engelmann spruce. They are, 
however, rarely, if ever, as large or as numerous on these trees as the ‘“ blisters’ formed 
in the bark of true balsam firs (Abies). The author is indebted to Prof. BH. BH. Carter for 
calling attention to the occurrence of resin blisters in the bark of Engelmann spruce he 
observed growing in Colorado. 

%In this country the crude resin, commonly called ‘‘ Canada balsam,’ is obtained 
entirely from one species of fir (Abies balsamea), and chiefly, if not wholly, in the eastern 
Provinces of Canada and adjacent sections of northeastern United States. A similar 
product, commercially known as ‘ Strasburg turpentine,’ is collected from the European 
Silver fir (Abies pectinata), and also from the Siberian fir (Abies pichta). The “ blis- 
ters’ of all other firs yield liquid resin of the same general character, differing, however, 
in the color and odor, due to differences in chemical composition. 
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fir trees are, with the exception of one species (Abies venusta) , 
coated with resin. 

The leaves of firs, spirally arranged on the branches, persist for 
from 5 to 10 years (usually 9), after which the oldest set of leaves 
(a season’s growth) gradually disappears. Branches from which 
the leaves have fallen are conspicuously marked by smooth circular 
scarsj points where the leaves were once attached. In this respect the 
firs differ radically from the spruces, the leaves of which when shed 
leave a projecting portion of their bases attached to the branch, giv- 
ing the latter a distinctly rough feel and appearance. Leaves on 
the lower branches of our native firs are mostly flat (in one species 
triangular) and rounded, notched, or blunt at the end (one species 
only having’ needle-pointed leaves). In some species the leaves of 
lower branches appear to grow more or less distinctly in two ranks 
(somewhat like the teeth of a comb) on opposite sides of the twigs 
(Pl. VII), while in other species they clothe the top of the branch 
(Pl. X). The firs that have a distinctly two-ranked arrangement of 
their foliage on the lowest branches produce leaves on their middle 
and upper-crown branches which appear more and more to grow 
only from the upper sides of the twigs. In the case of firs whose 
leaves thickly clothe the upper sides of the lower branches there is. 
little change from this arrangement in the middle and upper crown. 
In all cases, however, leaves of the extreme upper branches are stouter, 
crowded, and strongly curved toward the upper side of the horizontal 
twigs, and often keenly pointed or somewhat sharp-pointed (Pl. TX). 
The stout leaders also have larger, keenly pointed leaves (Pls. VIII, a 
and XII,a). It is important, therefore, to note the very dissimilar 
form, habit, and character of leaves in these three parts of the crown, 
for leaves of the middle-crown branches (PI. VIII,>) are sometimes 
different in form and arrangement from those of either the lower or 
upper crown branches. A cross section of the leaves of firs shows 
two resin ducts (a distinctly marked ring of cells) usually near the 
lower surface and close to the edges. In the case of some of our firs, 
however, these ducts are in the interior of the leaf’s tissue, about 
midway between the upper and lower surface of the leaf The 
under surface of the leaves has one or several rows of stomata or 
minute pores on each side of the raised midrib, and sometimes also on 
the upper surface. : 


1 Resin ducts are scarcely visible to the naked eye, but they can be readily seen in a 
. thin cross section or slice of a fresh leaf viewed under a simple pocket lens. The location 
of resin ducts is always indicated by two minute drops of resin which ooze from the 
ducts when a fresh leaf is cut in two. As a rule there is little variation in the charac- 
teristic position of resin ducts in leaves taken from different parts of the tree. In the 
case of three exotic firs (Abies nordmanniana, A. cephalonica, and A. pectinata) resin 
ducts of the léwer and middle-crown branches are near the margin of the leaves, while 
in leaves of the topmost or fruit-bearing branches the ducts are situated in the interior of 
. the leaf’s tissue. (Fide cf. Guinier and Maire, Bull. Soc. Bot. France, LV, 189, 1908.) 
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The male and female flowers of the firs are produced on different 
branches of the same tree. Each sort is borne on branchlets of the 
previous year’s growth, the male flowers on the lower-crown branches 
and the female flowers on the topmost branches of the same tree. 
Male flowers, which bear pollen, are elongated, cylindrical, scaly 
bodies hanging singly among the leaves from the lower side of 
branches. The female flowers, which produce cones and seeds, are 
short, spherical, rounded or elongated, scaly bodies standing erect 
and singly on branches of the uppermost part of the crown. The 
cones, whose erect or nearly erect position is unique and distinctive 
of all firs, mature in one season. (Pls. IX, XI, and XII, 0.) 
During autumn their thin, closely packed, overlapping scales grad- 
ually become loosened from the central spikelike axis (Pl. IX, «, 
and Pl. XXIII) and fall away with their winged seeds, two of 
which are borne under each scale (Pl. XIV, 6, and Pl. XVII, 
b); no fertile or perfect seeds are borne under scales at the two 
ends of the cones. The spikelike woody axes of the cones remain 
attached to their branches for several years. (Pls. TX, ¢c, and Pl. . 
XII, 6.) Morphologically these woody axes are modified twigs. The 
breaking up of mature cones on the trees is characteristic of no other 
group of our cone bearers, except the deciduous-leafed Taxodium 
(“cypress”) of south Atlantic forests. As the ripe cones of firs 
break up strong winds may blow the seeds several hundred feet 
from the parent trees, but as a rule the seeds fall near the mother 
tree or are wafted not more than 50 or 100 feet away. The seeds 
have peculiar resin cells, which may be seen by cutting into the seed 
coat. Under ordinary conditions the vitality of fir seeds rarely, if 
ever, endures longer than a single season, and as a rule the per- 
centage of germination is comparatively low (50 per cent or less). 
Seed-leaves (cotyledons, the first foliar organs to appear when the 
seed germinates) range from 4 to 10 in number and are flat. (PI. 
MOTT 2e-) 

Fir trees are of great commercial importance on account of the 
excellent saw timber the larger species produce, while some of them 
are important also because they form protection forests on steep 
slopes at high elevations where few other conifers can live. They are 
moderately long-lived trees, their age limit ranging from about 200 
to 350 years; much is yet to be learned, however, concerning .their 
longevity. 

Eleven species of firs inhabit the United States. Six of them occur 
within the Rocky Mountain region (of the United States and Can- 
ada), while four are common to both the Rocky Mountain and Pacific 
slope regions. One species ranges from the Canadian Rocky Moun- 
tain region eastward to the Atlantic coast, where it is common both in 
our northeastern States and in adjacent parts of Canada. One of 
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our firs is confined to eastern United States, four to the Pacific slope, 
and one to our Rocky Mountain region. 

The fir trees were represented in geologic times.t Many fossil 
species, not now represented by living forms, are widely distributed 
from the Upper Eocene to the present. Remains also of an Abieslike 
group of trees (Abietites Hisinger) are very common in the Lower 
and Upper Cretaceous periods. 


BALSAM FIR. 
Abies balsamea (Linn.) Miller. 


COMMON NAME AND EARLY HISTORY. 


The balsam fir does not occur in our Rocky Mountain region, but 
is found within the Canadian Rocky Mountain region, and for pur- 
poses of completeness is included here without reference to political 
boundary. Balsam fir extends southward into the United States 
only from the Great Lakes and north Atlantic regions (Map No. 5). 
It is locally known in this wide range by a dozen or more common 
names, the most appropriate of which is “balsam fir,” coined from 
the tree’s technical name. 

The first published reference to balsam fir appeared in 1664 and 


. was by Pierre Boucher,? who observed it in eastern Canada. The 


earliest mention of this fir in New England is by John Josselyn,* 
who recorded its characteristics (“bark is smooth, with knobs or 
blisters in which lyeth clear liquid turpentine”) in 1673. Balsam 
fir has the distinction of being the first of North American firs to 
become known to science, the earliest technical name applied to it 
being “ Pinus balsamea Linneus,” published in 1753, and on which 
the present name of this fir, Abies balsamea, is based. The tree was, 
however, cultivated in English gardens as early as 1704, when John 
Ray, an English writer, published a brief description * in Latin of its 
botanical characters, but without, as was customary then, giving a 
technical name to it. The early settlers of eastern Canada and north- 
eastern United States were evidently well acquainted with the balsam 
fir, for French and English settlers and explorers of those regions 
described the tree and its resinous product in works published long 
before it was known to scientific writers.® 

The botanical history of balsam fir extends over 160 years and in- 
cludes the application at various dates of 17 different specific and 


1¥Vide Dr. Edward W. Berry. See footnote, p. 3. 

2 Hist. Veritable et Nat. de Moeurs et Prod. du Pays de la Nouvelle France * * 
le Canada, ed. 3, 49, 1664. 

2 An account, of Two Voyages to New England, 65 (ed. 1), 1673. 

4“Arboris Balsamum Gileadense fundens,” ‘Historis mea ge Lib. XXV, Dendr. 


ok 


Secundus, p. 8, Vol. III, 1704, by John Ray. 


5 Balsam fir is said to have been grown for ornament in England as early as 1697, and 
in Norway in about 1772, where it attained a height of from 50 to about 65 feet. 
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ABIES BALSAMEA. 


a, Terminal shoot (“‘leader’’) showing characteristic short. keenly pointed leaves; b, middle- 
crown branch. 


PLATE IX. 
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ABIES BALSAMEA: FOLIAGE AND RIPE CONE. 


one scale with one seed in place and 


a, Lower side of cone scales with bracts; b, upper side of ¢ : 
ntral woody axis of cone from which 


upper (right) and lower sides of seeds with wings; ¢, ce 
seed-bearing scales have fallen. 
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varietal technical names, 6 of which are now reduced to synonymy, 
and 11 of which (varietal names) distinguish garden or cultivated 
forms of the tree. These varietal forms are distinguished mainly by 
differences in the habit of growth, form and size of the crown, and 
by the color and length of the leaves. One of the best marked of 
these varieties is a very much dwarfed plant, Abies balsamea hudsonia 
(Knight) Veitch, originally found growing at high elevations. 
Abies balsamea var. macrocarpa is a form with longer leaves and 
larger cones than are borne by the ordinary type of this fir, and was 
raised from seed of trees found in the region of Wolf River, Wis. 


DISTINGUISHING CHARACTERISTICS. 


Abies balsamea attains a height of from 25 to 75 feet (under the 
best conditions for growth), and a diameter of from 10 to 28 inches; 
exceptional trees are somewhat taller and of slightly larger diameter. 
Smaller trees, including almost stemless prostrate forms, occur in 
exposed high places end in other unfavorable situations. 

The crown form of young trees growing in the open is broadly 
conical and ends in a long, sharp point. The branches are slender, 
regularly arranged in distinct circles or whorls about the trunk, and 
extend down to the ground. In older trees the lower branches hang 
down slightly, while those of the upper crown trend upward. When 
balsam fir grows in a dense stand, the long lower-crown branches are 
soon shaded out, leaving the gradually tapered trunk clear for one- 
half to two-thirds of its length and surmounted by a short, rather 
narrowly conical, sharp-pointed crown. The bark on the lower 
trunks of mature and middle-aged trees is about one-half inch thick, 
dull red-brown, and superficially divided into small, rather easily 
detached, thinnish scales. The bark of young trees, and also of the 
upper stems of old ones, is smooth and ash-colored and thickly set 
with resin “blisters,” + which, as the bark becomes thicker and older, 
are gradually dried up and finally obliterated. Young twigs are cov- 
ered with very fine, short hairs, which adhere until the branchlets 
are about 3 years old. The mature spherical buds, one-eighth to 
three-eighths of an inch in diameter, are slightly resinous. 

The mature leaves are deep blue-green, shiny on the upper side, and 
conspicuously whitish (with rows of stomata) on the under side, the 
latter becoming less bright after the leaves are 2 or 3 years old. 
Leaves of the lower-crown branches (Pl. VIT) differ, as a rule, very 

greatly in their form and arrangement? on the twigs from both those 

1 The so-called ‘‘ Canada balsam’’ of apothecary shops is the crude oleoresin obtained 
from these pockets or blister-like cavities by puncturing the thin overlying bark and 
squeezing the contents into a small-mouthed receptacle. Gathering this resin constitutes 
an industry of considerable importance, especially in eastern Canada. 

2 Occasional trees are found, especially in the western range of this tree, on which the 


leaves are more or less crowded on the upper sides of the lower-crown branches, some- 
what as in Plate VIII, 0. 
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of the middle-crown branches (Pl. VIII, >) and of the upper or cone- 
bearing branches (Pl. TX), while the thinly set leaves of the terminal 
shoot or “leader” are strikingly different from all of the other 
foliage (Pl. VIII, a). In length the leaves vary from about 14 
inches on the lower and middle-crown branches to about five-eighths 
of an inch on the topmost branches. A slightly magnified cross sec- 
tion of the leaf shows two resin ducts, one in each end of the section 
(edge of leaf), slightly nearer to the lower surface of the leaf. 

Mature cones (PI. IX), which are fully grown and ripe by Sep- 
tember, are from 2 to about 43 inches long and from seven-eighths 
of an inch to 13% inches in diameter. At first the ripe cones are exter- 
nally deep purple, which later become paler as the scales are loosened 
by drying and fall away from the cone’s central axis (PI. [X,¢). The 
bracts attached to the backs of the cone scales (Pl. IX, a) are only 
about one-half as long as the scales. Sometimes, however, the points 
of all of these bracts extend slightly beyond the ends of the cone scales, 
while in rare instances some of the cones of a tree may have extended 
bracts and other cones hidden bracts. The seeds (Pl. TX, 5) are pale 
yellowish-brown, as are also the shiny wings.t 

Balsam fir wocd is usually of very light weight, soft, and brittle. 
It is rather wide-ringed in the faster-growing trees of open stands, 
- and narrow-ringed in the slower-growing trees of dense stands. Sea- 
soned wood weighs approximately 23.8 pounds per cubic foot, rank- 
ing second in weight among the other Rocky Mountain fir woods. 
The sapwood is whitish and from 1 to 2 inches thick, while the heart- 
wood is light yellowish brown, sometimes marked with yellow areas. 
In the central and eastern part of the tree’s range the wood is ex- 
tensively used, in mixture with.spruce wood, for paper making. It 
is also much used for box boards, being rarely cut into other lumber 
because of its soft texture, knotty character, and lack of durability. 


OCCURRENCE AND HABITS. 


Throughout its wide range balsam fir grows in soils and under 
climatic conditions that are quite dissimilar (Map No. 5). In the 
main, however, it demands an abundance of soil moisture and a 
humid atmosphere. Lack of these conditions limits its occurrence 
or greatly impairs its growth. It is most common and of largest 
size in rich well-drained bottom lands and on adjacent high ground 
about lakes and water courses, being less common and of smaller size 
in swampy and low ground, on low hills and benches, on high ridges, 
and at or near low timber line. The vertical range of balsam fir 

1The only other Rocky Mountain fir that could be confused with the balsam fir, and 
then only in Canadian territory, is the alpine fir, ,which is somewhat similar in size and 
general appearance. ‘The larger, longer, crowded, upright lower-branch leaves of alpine 
fir, however, and the horny, little-broken trunk bark of large and medium size trees serve 


to roughly distinguish this species from balsam fir, the lower-branch leaves of which are 
' commonly arranged on two sides of the twigs, while its trunk bark is loosely scaly. 
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varies from elevations near sea level to over 5,600 feet. Only low, 
almost prostrate forms occur, however, at high elevations. The 
largest trees of this species occur in eastern Canada and in our North- 
eastern States. In the Canadian Rocky Mountain region balsam fir 
is a much smaller tree, often closely associated with white spruce, 
while jack pine, tamarack, black spruce, balm of Gilead, aspen, and 
paper and mountain birches occur more or less within the same 
region and are often interspersed with it. Small groups and pure 
stands of very limited extent occur frequently in deep, rich moist 
soils of depressions, coves, along streams, and about lakes and ponds. 

During the first 6 or 8 years of its life balsam fir is able to grow 
thriftily in the dense shade of other trees, but during the remainder 
of its life it requires nearly full top hght for the best delevopment. 
It is much more tolerant of shade in moist soil than in dry situa- 
tions. Trees continue to live under deep shade for a very long 
period, but with extremely slow growth. If overhead light is 
admitted during the period of suppression, the trees recover quickly 
and resume their normal rapid growth. 

Seed is borne abundantly at intervals of 2 and 3 years, and 
sometimes of 4 years, while considerable seed is produced every 
year. Trees growing in full enjoyment of the lght bear much 
heavier crops of cones than do those in close stands. Trees long 
suppressed by shade do not produce seed, doubtless because of the 
practically arrested growth of the “leader” and upper crown, the 
only part of the tree that normally produces cones. Pole-size trees 
(20 to 25 years old) bear a small number of cones, the amount of 
seed produced increasing as the trees grow older. 

The seed has a low rate of germination (15 to 30 per cent) and 
very transient vitality. Germination occurs plentifully in openings 
and under the deep shade of the mother trees, where dense groups 
and thickets of seedlings are frequent as a result of a copious fall 
of seed. Seedlings are also often thinly scattered. The seed 
germinates readily in moist exposed soil and humus, but most 
abundantly on moss-covered decayed logs, in sphagnum, and among 
other dense herbage, where the even supply of moisture affords the 
most favorable conditions. Reproduction is always scanty in drier 
situations. Branches of balsam fir layered in moist soil sometimes 
strike root, occasionally producing new plants by this vegetative 
method. 


LONGEVITY. 


Balsam fir is comparatively short-lived, the largest trees probably 
not attaining a greater age than 150 years. Dominant trees in a 
close or open stand grow much more rapidly in diameter than do 
trees in a close even-aged stand. Diameter growth is still slower in 
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even-aged stands when the latter are more or less suppressed. Domi- 
nant trees 6 inches in diameter in an open stand are about 30 years 
old, while dominant trees of this size grown in a dense stand are from 
about 40 to 120 years old. Trees 16 inches in diameter that have 
grown in an open forest are about 130 years old, while dominant 
trees 12 inches in diameter grown in a close stand are about 156 years 
old. Suppressed trees 6 inches in diameter may be from about 50 to 75 
years old, according to the density of overhead shade. In excep- 
tional cases wholly suppressed trees 2 to 3 inches in diameter may 
be from 75 to 100 years. 
ALPINE FIR. 
Abies lasiocarpa (Hook.) Nuttall. 


COMMON NAME AND EARLY HISTORY. 


Alpine fir is one of the smallest of the western firs and perhaps 
also one of the least known there, owing to the fact that it grows 
chiefly at high altitudes. The common name, “alpine fir,” adopted 
here, would seem to be the most appropriate one for this species, 
because it refers to the tree’s high mountain habitat.t_ Woodsmen 
and settlers usually call it “balsam” or “ mountain balsam.” 

It is probable that alpine fir was first discovered in September, 

1805, by Lewis and Clark, while crossing the Bitter Root Moun- 
tains (whether on the Montana or Idaho side is unknown), for 
the narrative? of their exploration of our Northwest mentions “a 
growth of eight different species of pine,” which by exclusion must 
have included this fir.2 To David Douglas belongs the credit of 
having first collected a specimen of this fir in 1832 in the “interior 
of N. W. America.” On this specimen is based the first published 
technical description and name of the tree, “ Pinus (Abies) lasio- 
carpa Hooker,” published in 1839, and on which the present name, 
Abies lasiocarpa (Hooker) Nuttall, is founded. Dr. C. C. Parry? 
seems to have been the first to find alpine fir in our central Rockies 
(Colorado), where he observed it in 1862, and from which in 1863 
he distributed seed. It was not known, however, until 1876 that the 


1 Abies lasiocarpa is frequently called “balsam fir,” probably because of its general 
resemblance to the true balsam fir (Abies balsamea), to which, however, this name prop- 
erly belongs, having been applied to it long before the alpine fir was known to botanists. 

2 History of the Expedition under Command of Lewis and Clark, 1804-1806 (ed. Dr. 
Elliott Coues), II, 598. 

2It was common in the early days, even for botanists, to designate as ‘‘ pine” the trees 
we now know as firs. 

.4 Engelmann in Am. Nat., 555, 1876. 

5There appears to be no record of plants raised from this seed. Probably the first 
trees known in cultivation were grown from seed planted in 1873 in the Arnold Arbore- 
tum, Massachusetts. Their growth in height for the last 40 years has, however, been 
excedingly slow, amounting to only about 3 or 4 inches per year. Alpine fir seems to 
have been introduced into England in about 1890, but according to Elwes and Henry 
(Trees of Great Britain and Ireland, IV, 803, 1909) its growth there has been practically 
a. failure. The German Government imported seed of this fir for forest experiments in 
the early nineties, and these trials show the tree to be better adapted to the climate of 
Germany than to that of England. 
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a, Terminal shoot (‘‘leader’’) showing characteristic sharp-pointed leaves; b, top of tree 
showing ripe cones and naked cone spikes of previous year’s Crop. 
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tree he saw there is the same as Nuttall’s Abies lasiocarpa.t A cul- 
tivated variety of alpine fir, Abies lasiocarpa caerulescens, was de- 
scribed in 1891 by a German dendrologist. This form is distin- 
guished by the deep silvery-blue tint of its foliage, a characteristic 
which is, however, largely lost as the leaves become fully mature, 
and is not as marked in older trees as in young ones. 


DISTINGUISHING CHARACTERISTICS. 


The long, narrowly conical crown, terminating in a conspicuous 
spearlike point (Pl. XII, }), at once distinguishes this fir from all 
associated species of its kind in the region, its sharp-pointed heads 
being recognizable at a long distance. The height attained is ordin- 
arily from 60 to 90 feet and the diameter is from 14 to 24 inches, but 
in exposed high situations the stems may be under 4 feet in height, 
with very long lower branches resting on the ground. Rare old trees 
attain heights of from 100 to 130 or, very occasionally, 160 feet and a 
diameter of 3 to 4 feet. Still larger trees are reported, but they are 
exceedingly rare. The trunk bark is thin, at most about 1} inches 
thick, hard, flinty, and but little broken even on fairly large trees, 
except occasional shallow, narrow cracks near the base of the trunk 
(Pl. XJII). The unbroken smooth areas of bark are ashy gray— 
often chalky-white. Even on old trunks, always irregularly and 
shallowly seamed, the flat ridges of bark are whitish, but pale- 
brownish in the seams, while the inside of the bark is red-brown. 

‘In open stands the narrow crowns of both young and old trees usu- 
ally extend down to the ground. In very close stands the trunks of 
old trees are occasionally free from branches for from 20 to 40 feet 
or more (Pl. XIII). The dense, characteristically tough branches at 
the base of the crown droop, and later when they die they are often 
sharply curved or bent down upon the trunk.? 

The foliage is deep blue-green, that of each season’s growth having 
a silvery tinge. The twigs are usually covered with minute, rusty 
hairs for 2 to 3 years, or sometimes they are smooth. The winter buds 
are covered with resin. The flat leaves, pointless and longer on lower- 
crown branches (Pl. X), and keenly or somewhat pointed and shorter 
on uppermost branches (PI. XI), are distinctly massed and pointing 
upward on the top side of the branches, those below and on the sides 
of the branches being curved so as to joint those above. This dense 


1Dr. George Engelmann (1. c.) described and named this fir “ Abies sub-alpina ” in 
1876, a name which is now a synonym of the earlier published A. lasiocarpa (Hook.) 
Nuttall. 

2The low branches make this fir particularly subject to crown fires, which invariably 
kill large numbers of trees, while the thin bark of the trunk is also frequently injured or 
killed by severe ground fires. 
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crowding and upright position of the leaves on the upper sides of the 
branches is very characteristic. Leaves of the “leader” or topmost 
central stem (Pl. XII, a) are sharply pointed and scattered. 

Mature cones of the alpine fir are from 24 to about 4 inches in 
length by about 14 to 13 inches in diameter (Pl. XI); after the cone 
scales, become loosened by drying out, the cones are considerably 
larger in diameter. Ripe cones are deep purple at first, gradually 
becoming lighter by the time the scales fall. The cone scales bear 
bracts (Pl. XI, a), which are abruptly rounded or contracted at the 
free end to a slender central point. The ivory-brown seeds (PI. 
XI, 6) have large, shiny, purplish, or violet-tinged wings. The seed- 
leaves, one-third to one-half an inch long, are usually 4 in number. 

Alpine fir wood is lighter in weight than that of any other Rocky 
Mountain fir, a cubic foot of dry wood weighing about 21.66 pounds. 
It is narrow-ringed, soft, and from pale straw-color to light yellowish 
brown. Asa rule, the wood is fairly straight-grained and splits and 


works easily, but it rots rapidly in contact with earth. However, 


the fire-killed, deeply season-checked shafts of this tree, so frequent 
where forest fires have swept the ground, may remain sound above 
ground for many years. Dead timber is locally much used for fuel, 
house logs, and corral poles. Occasionally green timber is sawed into 
- rough lumber for local use. Little clear lumber is, however, obtain- 
able even from large trees, because during the greater part of life the 
lower trunk branches are retained down to the ground. 


OCCURRENCE AND HABITS. 


Alpine fir always grows in cool, moist, and, in part, subalpine 
situations. It occurs commonly on all slopes at timber line, and, at 
the lower limits of vertical range, in protected valleys, at the heads 
of streams, and about mountain lakes and moist meadows (Map 
No. 6). At the North its lowest vertical range is about 3,500 feet, 
though at the South it may reach an elevation of 10,500 feet. Alpine 
fir has a narrow range in altitude at the North, where the timber line 
is relatively low, and at and near which the moisture conditions neces- 
sary for its growth are present. Likewise at the South, the vertical 
range of this fir is narrow, because here the timber line, with the 
accompanying moisture conditions, occurs only at higher elevations. 
The best growth occurs on north slopes in fairly deep, loose, moist 
‘soil, while much smaller trees are found in the poorest and driest thin 
soils. It grows also in wet situations, but it does not thrive on heavy, 
clayey soils. Its main occurrence is limited by requirement of soil 
moisture to elevations where snowfall is heavy. In general, how- 
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ever, alpine fir requires less soil moisture than Engelmann spruce, but 
grows in places too wet for this spruce; it also grows on soils suitable 
for Douglas fir, where Engelmann spruce will not succeed. 

Alpine fir occurs in pure small stands and in mixture with other 
trees. At the North it is associated more or less with mountain hem- 
lock, Engelmann spruce, lodgepole pine, white-bark pine, limber 
pine, and Lyall larch. At the south it is mingled commonly with 
Engelmann spruce, lodgepole pine, cork fir, and aspen, and less 
frequently with bristle-cone pine. 

Alpine fir is’ only slightly less tolerant of shade than Engelmann 
spruce, and, except the mountain hemlock, it can live under deeper 
shade than any of its associates. Saplings long suppressed by heavy 
shade recover and grow rapidly with the admission of top light. 

Abies lasiocarpa is a moderately prolific seeder, beginning to bear 
cones as early as the twentieth year. Some seed is produced locally 
every year, but heavy production occurs only at intervals of about 
3 years. The seed has a rather high rate of germination, but very 
transient vitality. Seedlings spring up abundantly on exposed min- 
eral soil in the open and also on thin and heavy moist duff under 
light or heavy shade. Usually, however, they grow most thickly 
on the north side of groups of trees or forests and under the branches 
of mother trees. Abundant reproduction nearly always occurs in 
shaded. openings among seed trees. At high elevations branches 
lying on the ground and partly covered with earth or moist duff occa- 
sionally take root, from which, however, the production of new trees 
is probably very rare. 


LONGEVITY. 


a 


Alpine fir is moderately long-lived.. Trees from 10 to 20 inches 
in diameter are from 140 to 210 years old. The considerably larger 
trees which occur are not likely to be more than 250 years old. 


CORK FIR. 
Abies arizonica Merriam. 
COMMON NAME AND EARLY HISTORY. 


Most authors consider this fir a form only or a variety of the 
alpine fir (Abzes lasiocarpa). For the present, however, it is here 
maintained as specifically distinct from the alpine fir, to which it is 
very similar in crown form and in the general appearance of its 
foliage, but from which it is at once distinguished by its soft, corky 
bark (compare Pls. XIII and XV), differences in the shape of the 
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cone scales and of the bracts* (compare Pls. XI, a, and XIV, a). 
The book name “Arizona cork fir” has not become established, and 
can well be replaced now by the shorter and more fitting name “ cork 
fir.” “Arizona cork fir” is a name particularly inappropriate, be- 
cause the tree is not confined in its range to Arizona. 

Abies arizonica was first discovered in 1896 by Dr. C. Hart Mer- 
riam* on a high peak of San Francisco Mountain, Ariz. Since 
then its range has been considerably extended in Arizona, and the 
tree is now known to occur in New Mexico and southern Colorado 
(Map No. 7). Future explorations are likely to extend this range 
still farther in the southern Rocky Mountain region. 


DISTINGUISHING CHARACTERISTICS. 


As now known, cork fir attains a height of from 50 to 75 feet and 
a diameter of from 12 to about 20 inches. Doubtless larger trees 
occur. ‘The trunk and crown forms are practically the same as in 
the alpine fir. The yellowish-white or ashy, soft, corky trunk bark 
(Pl. XV) of Abies arizonica at once distinguishes this tree from A. 
lasiocarpa (Pl. XIII) and from all other associates. The form and 
habit of the leaves of the cork fir and Alpine fir are so similar in 
general appearance that the two trees can not be distinguished by 
their foliage. The cones (compare Pls. XI and XIV) of the two 
trees are more or less dissimilar in form and size, but alike in color, 
and both ripen at about the same time in September. The cone 
scales of A. arizonica are, however, generally of a distinctly different 
form (Pl. XIV, a) from those of A. lasiocarpa (Pl. XI, a), while 


1 Writers who hold this tree to be a form only of the alpine fir seem not to give due 
weight to the fairly constant difference in the form of the cone scales and bracts of the 
cork-barked tree as compared with the shape of cone scale and bracts peculiar to the 
alpine fir. The specific importance of the distinctly corky bark of Abies arizonica is also 
denied by citing the occurrence of similar corky bark of southern Rocky Mountain forms 
of white fir and of Douglas fir, and, furthermore, that corky-barked Alpine fir trees occur 
far north and west of the present range claimed for Abies arizonica. While it is true in 
general that the bark of many trees is so variable in character as not to afford a reliable 
specific distinction, it is true nevertheless that a large number of trees have barks of very 
distinct character. I have often seen Douglas fir and white fir in the Southwest, espe- 
cially in dry, exposed situations, with corky bark, but not of the distinctly corky nature 
of bark produced by Abies arizonica. I believe, however, that the corky bark of Douglas 
fir and white fir is the result of arid conditions, which appear to affect young trees, the 
corky bark so formed later becoming harder as these trees grow older. In the case, how- 
ever, of A. arizonica, I do not know that the bark ever becomes harder or less corky. 
Taking into account the fact that the cone scales and bracts of A. arizonica are usually 
distinct in form from those produced by A. lasiocarpa, I am confident that the occurrence 
. of corky-barked Douglas fir and white fir trees is a circumstantial coincidence rather than 
proof that A. arizonica is only a corky-barked form of A. lasiocarpa. I have never seen 
the cork-barked alpine fir trees reported as occurring north of Colorado and elsewhere 
outside of the present recorded range of A. arizonica. JI should be inclined to believe,~ 
however, that these trees represent Dr. Merriam’s Abies arizonica, rather than corky- 
parked forms of A. lasiocarpa. Otherwise I am unable to satisfactorily explain why, in 
Colorado, New Mexico, and Arizona, A. arizonica occurs side by side with the distinctly 
’ hard-barked A. lasiocarpa, a fact which would seem to indicate that the cork-barked tree 
' is inherently different from its associate. By 
2Proc. Biol. Soc. Washington, X, 115, figs. 24, 25, 1896. 
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ABIES ARIZONICA: FOLIAGE AND RIPE CONE. 


a, Lower side of cone scales and their bracts; 6, upper side of cone scale with its 
winged seeds (as they are borne) and detached seed; c, lower side of seed. 
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SECTION OF TYPICAL CORKY BARK OF TRUNK. 


ABIES ARIZONICA 
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ABIES GRANDIS: LOWER-CROWN BRANCH. 


PLATE XVI. 


PLATE XVII 
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ABIES GRANDIS: TYPICAL BARK OF TRUNK. 
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the bracts borne on the backs of the cone scales of both trees also 
differ materially in form. No constant distinguishing characters 
can be found in the seeds (PI. XI, 6, ¢ and Pl. XIV, 0, ¢). The seed- 
leaves of cork fir are commonly four in number, and about one-half 
~ an inch long. 

The wood of Abies arizonica is similar in external appearance to 
that of alpine fir and useful for the same purposes. It is commer- 
cially unimportant, except where the timber can be cut with alpine 
fir, from which when sawed into lumber it can not be distinguished 
in its general appearance. 


OCCURRENCE AND HABITS. 


Cork fir grows on disintegrated rock and in gravelly soils or on 
thinly covered rock at elevations between about 8,000 and 10,000 
feet, and usually on northern slopes and benches, but sometimes on 
exposed ridges and high peaks (Map No. 7). In some instances it 
forms nearly pure groups or stands of limited extent interspersed 
with Engelmann spruce and alpine fir, or is scattered in dense stands 
of the latter tree. Not infrequently very widely separated trees are 
found in a mixed stand of Engelmann spruce and alpine fir. 

Cork fir is equally as tolerant of shade as the alpine fir, young 
trees maintaining themselves for many years under dense shade in a 
completely suppressed condition. But with the admission of top 
light such growths readily recover and grow rapidly. 

Little is known at present of the seeding habits and reproductive 
capacity of this fir. An abundance of cones are produced periodi- 
cally—usually about every 3 years, while some trees bear a few cones 
nearly every year. Only a small percentage of the séeds are fertile. 
The ripe cones are “cut down” by squirrels, along with those of the 
associated alpine fir, and a good many seeds are eaten by these 
rodents. Small dense patches of suppressed seedlings are frequent 
near fruiting trees, particularly in the washed soil of depressions and 
in the soil-filled crevices of exposed rock on northern slopes. 


LONGEVITY. 
The age limit of cork fir is imperfectly known at present. Like 
alpine fir it is probably only a moderately long-lived tree, not exceed- 


ing 150 to 175 years. Trees from 6 to 12 inches in diameter are from 
45 to 90 years old. : 


GRAND FIR—“ WHITE FIR.” 
Abies grandis Lindley. 


COMMON NAME AND EARLY HISTORY. 


Lumbermen and other woodsmen know this tree commonly as 
“white fir,” because of the whitish, smooth bark of its upper stem. 
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The name white fir, however, belongs more properly to Abies concolor, 
for which it is probably more commonly and widely used than for 
any of the other white-barked western firs. It is probable that lay 


em 
4 


people. often apply the name white fir to A. grandis believing it to be 


A. concolor. In the absence of a distinctive common name for A. 
grandis, * ‘grand fir,” derived from the tree’s specific technical name, 
is adopted here as ae because Abies grandis is a very stately and 
grand tree when fully matured. 

Lewis and Clark1 were probably the first to discover the grand 
fir in 1805 while crossing the Bitter Root Mountains, this tree doubt- 
less being one of the “eight different species of pine” mentioned in 
their narrative. - David Douglas, an intrepid Scotch explorer of 
our Northwest, is said to have found this fir near the mouth of the 
Columbia River in 1825, seeds of which he sent to England in 1831 

or 1832.2. The grand fir was first technically described and named 
Abies grandis Lindley in 1833, since which time this name has been 
uniformly maintained by botanists. Some early writers, however, 
confused grand fir with the white fir (Adées concolor), while even 


now a few students of trees find difficulty in distinguishing the two 


species where their ranges come together.® 

Two horticultural varieties of grand fir, Abies grandis aurifolia 
- and A. grandis crassa, have been distinguished in cultivation by a 
German dendrologist. The first of these is characterized by its 
yellowish foliage and in the other form by the oe shape of 
its crown. 


DISTINGUISHING CHARACTERISTICS. 


In such favorable situations as moist bottom lands grand fir 
grows to a height of from 150 to 200 and, exceptionally, 250 to 275 
feet, with a diameter of from 3 to 4 feet. Somewhat taller trees 
occur, but they are rare. On the less favorable hill lands the greatest, 
height attained is from 80 to 125 feet, with a diameter of from 18 to 
30 inches. The trunk is remarkably straight and tapers very grad- 
ually. When standing alone or in an open forest even old trees 
often retain their branches down to within a few feet of the ground; 
but in a close stand the crown covers only one-half or one-third of 
the stem. The crown is a narrow, rather open cone, pointed in 
young trees and somewhat rounded at the top in old ones. Because 
of the strong drooping of the lower branches, the crown of old trees 
“appears wider in the middle. The rounded top of well-advanced 

1 History of the Hxpedition under Command of Lewis and Clark, II, 457 (ed. Coues). 

2Hlwes and Henry, Trees of Great Britain and Ireland, IV, 774, 1909. 

2 Abies grandis was first introduced into England in about 1831, and, according to 
Elwes and Henry (1. c.), it grows best of all of our fir trees in England, Scotland, and 


-Jreland, where there are many trees 80 to 90 feet high planted 40 to 50 or more years 
‘ago. It is also said to thrive in parts of Denmark and Germany. 
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trees results from the cessation of height growth in the leader and 
an elongation of the older, shorter, upper side branches. All of 
the branches, except the topmost, have a distinct downward and 
upward swing. The bark, peculiarly characteristic in this species, 
is smooth and ashy-brown, with chalky areas on young trunks and 
regularly and shallowly furrowed on older trees, the long, flat ridges 
still retaining splashes of gray-white. (Pl. XVIII.) The bark of 
very old trees is still more deeply but narrowly furrowed, the ridges 
being sharper and less conspicuously flecked with white and the 
general tone pale red-brown with an ashen tinge. In texture the 
bark is very hard, close, and horny. It is rarely over 1% inches thick 
on old trunks and scarcely an inch thick on trees from 18 to 20 
inches in diameter. 

The deep yellow-green shiny foliage of grand fir is somewhat thin 
in appearance because of the characteristic two-ranked arrange- 
ment of leaves on the lower branches. Leaves on these branches are 
flat, grooved above, blunt, and nearly always distinctly notched at 
their ends (Pl. XVI). They appear to grow only from two oppo- 
site sides of the branches, but many of the leaves are brought into 
this position by a twist at their bases. Leaves of the lower-crown 
branches are from about one-fourth inch to 24 inches long. Leaves of 
the uppermost branches also are often notched; but here they are 
usually crowded together in a more or less upright position on the 
top sides of the sprays and are from about 1 to 14 inches long 
(Pl. XVII). The scattered leaves of the leader are sharp or keenly 
pointed and from one-half to seven-eighths of an inch long. All 
leaves are conspicuously white on their under surfaces. The mature 
winter buds are covered with resin, and the twigs of the season are 
pale russet-brown and minutely hairy. 

The cones of this fir mature in early autumn, and are very char- 
acteristic in their clear, light yellow-green color and slender, cylin- 
drical form (Pl. XVII). They are about 24 to 44 inches long and 
about 1 to 14 inches in diameter. The bracts of the cone scales are: 
relatively broad and usually squarish (truncated) at their upper 
ends (Pl. XVII, a), or occasionally somewhat heart-shaped or 
notched at the top end with a small tooth-like point extending from 
the center. The pale yellowish-brown seeds (Pl. XVII, 0, ¢) have 
shiny, faintly yellowish wings. The seed-leaves,; which are very 
slender and pointed, are usually six in number, and about three- 
fourths of an inch long (PI. XVII, d). 

The wood of grand fir ranks fourth in weight among Rocky 
Mountain fir woods, a cubic foot of dry wood weighing about 22 
pounds. It is soft, but firm enough to be useful as lumber, moder- 
ately wide-ringed and straight-grained. In color it varies from pale 
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yellowish-brown to very light brown. The wood of this fir is little 
Inown in the Rocky Mountains and is only occasionally cut for lum- 
ber in the Pacific slope region, though its good quality entitles it to — 
be better known and more widely used. The ease with which the 
wood can be worked, and other good physical qualities, render it the 
equal, if not the superior, of the softer fir woods now cut for lumber. 


OCCURRENCE AND HABITS. 


Grand fir is essentially a tree of moist situations. It grows most 
commonly on alluvial stream bottoms and adjacent higher ground, 
lower gentle mountain slopes, depressions, and gulches, at elevations 
between about 2,000 and 7,000 feet (Map No. 8). The best and most 
abundant growth occurs on stream bottoms at the lower levels, much 
smaller trees being found at high elevations. Its deep root system 
demands permeable, preferably moist, porous, well-drained soils. 
With favorable moisture and climatic conditions grand fir grows 
well on rather poor, thin soils, but better quality is necessary in soils 
deficient in moisture and subject to rapid evaporation. 

Grand fir rarely occurs in pure stands, except of limited extent. 
Usually it is mixed with western white pine, lodgepole pine, western 
- larch, Engelmann spruce, mountain red cedar, western yew, Douglas 
- fir, black cottonwood, balm of Gilead, and sometimes with western 
yellow pine. The number of species and the percentages of the stand 
they represent in this‘association vary greatly in different localities 
within the general range of grand fir. It is always dominant when 
associated with mountain red cedar. 

Grand fir is the least tolerant of shade, with one or two exceptions, 
of all of our fir trees, growing only moderately well under such condi- 
tions. It is much less able to live under the shade of other trees than 
the mountain red cedar, western hemlock, and western yew, but much 
more tolerant than Douglas fir, western white pine, western larch, 
and western yellow pine. Seedlings endure considerable shade for 
several years, but unless they are given full overhead light, such 
growths become dwarfed and die within a few years. With overhead 
light, the height growth of this fir is rapid, and under side shade the — 
trunks are readily cleared of branches, forming the characteristic 
long, clean stems. Endurance of shade, however, varies in general 
with age, exposure, moisture of the soil and air, quality and quantity 
‘of available soil, altitude, and latitude. The largest trees are prod- 
ucts of sufficient moisture, soil, heat, and full sunlight. Under these 
conditions it will also endure considerable shade. On poor, dry 
soils and in warm exposed places, shelter from cold winds and some 
shade are beneficial in reducing soil evaporation and transpiration ; 
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therefore in regions with such conditions the tree confines itself 
mainly to cooler northern slopes and other protected sites. 

Abies grandis is a fairly prolific seeder, trees in open stands fruit- 
ing most heavily. Seed is produced mainly at irregular intervals of 
about 2 or 3 years; whether or not this species has the habit of regular 
periodic seed production is, however, not fully determined. Trees 
grown in the open occasionally produce a few cones when they are 
about 20 years old, seed production increasing thereafter up to old 
age. The seed has a rather low rate of germination and only tran- 
sient vitality. Under favorable conditions some seed germinates 
soon after it falls to the ground, and seedlings may become estab- 
lished before cold weather. Moderately humous, shaded soils are 
most favorable to germination, but with sufficient moisture and light, 
seeds sprout readily and seedlings thrive in either pure humus or 
mineral soils. Seedlings come up both in the open and in shady 
places. 

' LONGEVITY. 


The extreme age limit of this fir is unknown. It is probable, how- 
ever, only a moderately long-lived tree, possibly attaining an age of 
from 200 to 250 years. One tree, 34 inches in diameter, showed an 
age of 196 years. 

WHITE FIR. 


Abies concolor (Gord.) Parry. 


COMMON NAME AND EARLY HISTORY. 


Abies concolor is a massive tree fitly and widely called white fir 
because of the light ashy hue of its bark. A few other local common 
names applied to it, such as “silver fir,” “white balsam,” etc., also 
refer to this characteristic. 

The white fir was first discovered in the southern Rocky Mountain 
region by a Russian collector of plants named Augustus Fendler, 
who found it in 1847 near Santa Fe, N. Mex., while exploring there 
under the protection of United States troops stationed in that coun- 
try during our war with Mexico. It was not discovered in our Pa- 
cific slope country, where its more extensive range lies, until 1851, 
when John Jeffrey collected specimens of the tree in northern Cali- 
fornia.? The first technical name applied to white fir, the one it now 
bears, was published in 1850, but without a botanical description, an 
omission which left this name legally unestablished until 1875. The 
earliest properly established technical name applied to white fir is 
“Picea concolor Gordon,” which was published in 1858, and on which 


1 Asa Gray, in Am. Journal of Sci., xxix (ser. 3), 169; Canby Bot. Gaz., x, 285, 301. 
2 Sargent, Silva, XII, 124. 
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Abies concolor (Gord.) Parry is technically based. Botanists have 
generally maintained this name, although since its establishment 
some fifteen other specific and varietal names (now made synonyms 
of A. concolor) have been published. These names were created 
chiefly, however, either through confusion of the white fir with other 
North American firs, or through imperfect knowledge of the variable 
forms of the tree peculiar to different parts of its extensive range. 

One of the best marked varietal forms of white fir well known in 
cultivation is Abies concolor lowiana (Murr.) Lemmon. It has short 
pale green foliage and occurs in the California Sierras and in the 
Siskiyou Mountains of southern Oregon. European dendrologists 
have segregated five other cultivated varieties, chiefly by the color of 
their foliage, shape of the leaves, and habit of the crown or of its 
branches. ‘The characters relied upon to distinguish these latter 
garden forms do not, however, appear to be sufficiently dependable 
to warrant maintaining the plants as distinct varieties. 


DISTINGUISHING CHARACTERISTICS. 


White fir grows to its largest size in the Pacific region, where it is 
frequently from 140 to 180 feet, and occasionally over 200 feet, high, 
' with a diameter of from 40 to 60 inches, rare trees being from 5 to 6 
feet through. In its Rocky Mountain range, however, white fir is a 
much smaller tree, at best being only from 80 to 100 feet in height, or 
rarely more, and from 20 to 30 inches in diameter. The massive 
trunks have conspicuously rough ash-gray bark, which is broken into 
great, deep, wide furrows and ridges. The ae is very hard and 
horny and from 4 to 6$ inches thick on the largest trunks (PI. 
XXIV). Bark of the upper stems of large trees and on young trees 
is smooth and unbroken and grayish, with a slight brownish tinge. 
The trunks are straight and taper very gradually. The dense crown 
of heavily foliaged short branches is an irregular, round-topped cone, 
extending to the ground on trees in open stands, while in dense stands 
the crown covers only one-third or one-half of the stem. Young trees 
have beautifully symmetrical, sharp crowns extending down to the 


1According to Elwes and Henry (Trees of Great Britain and Ireland, IV, 780, 1909), 
the California form of white fir was first introduced into Hngland in 1851, while the 
Rocky Mountain form of this species was introduced there in about 1872. Trees raised 
from California seed are said to grow more thriftily in England than stock from Rocky 
Mountain seed. One tree in Oxfordshire attained a height of 71 feet and a diameter of 
‘ about 2 feet in 28 years. The largest trees growing in England are from about 70 to 90 
feet in height and from 20 to 40 inches in diameter. The German Government purchased 
considerable quantities of white fir seed, both of the Rocky Mountain and Pacific slope- 
forms, in the early nineties for experimental forest planting in Germany, but-the results 
of these trials-are unknown to the writer at+present. Doubtless the Rocky Mountain 
form has proved more adaptive to German conditions, judging from the excellent growth 
_of Douglas fir from this region and the failure there of Douglas fir plants raised from 
- Pacific slope seed. White fir from the Rockies and the Pacific slope grows thriftily in 
eastern United States but stock from the interior mountains is far better adapted to this 
region than the more western form, while for ornamental planting the Rocky Mountain 
trees are much handsomer in form and in bluish-tinged foliage. 
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ground, the lower limbs standing out horizontally and those above 
trending upward. Six to ten year old trees have not yet assumed this 
sharp-pointed form of crown, and all of their branches are commonly 
at right angles to the stems (Pl. X XIII, d). On old trees the lower- 
crown branches droop conspicuously, as do also those of the middle 
crown; while branches above this trend upward. In old age the ex- 
tremely slow or practically arrested growth of the leader and the con- 
tinued growth of the upper side branches forms a rounded top. 
Twigs of a season’s growth are smooth, shiny, and yellowish-green, 
later becoming ashy or brownish-green. The scaly winter buds are 
from one-eighth to three-sixteenths of an inch in diameter and cov- 
ered with resin. 

The color of the foliage varies in different parts of the tree’s range 
from a yellow-green (with distinct bluish cast when young) to pale 
yellow-green with whitish tinge. The newly-matured foliage of old 
trees is, however, often decidedly bluish for a season, but later be- 
comes much paler. In general, trees of the southern Rockies are apt 
to have much bluer foliage than those grown farther north, while, as 
a rule, the foliage of Rocky Mountain trees is whiter or bluer than is 
the case with Pacific slope trees. The leaves are flat, plump, blunt, 
or pointed (usually not pointed on lower and middle-crown branches, 
but sometimes pointed on lower branches of old trees) and are 
crowded, apparently, on the upper sides of the twigs and branches 
(Pls. XX, X XI, and XXIT). On the lower branches of young trees 
they are horizontally flat, straight, and stand out more or less dis- 
tinctly from two sides of these branches by a twist at their bases (Pl. 
IX). Very commonly, however, the leaves of the lower branches of 
young trees, and nearly always of old trees, are curved upward and 
stand erect somewhat in two lines from the top side of the twigs (Pls. 
IX and XX). Leaves of the upper crown, especially on the topmost 
branches, are strongly curved or sickle-shaped and appear to grow 
from the upper sides of the branchlets (Pls. XXI and XXII). The 
leaves of upper branches and those on leaders are always sharp- 
pointed. Lower-branch leaves are usually from 14 to 3 inches long, 
while those of the upper branches are commonly from about 1 to 14 
inches long. There is also great variation in the length, form, and 
thickness of the leaves of this fir in different parts of its wide range.* 
A cross-section of a leaf shows two resin ducts each one situated very 
near the corner of the section and on the lower side. Both surfaces 

1 The changes in form from straight, horizontally flattened leaves to vertically flattened 
ones, either straight or curved like a sickle blade, are curious and unexplained, except 
perhaps by the fact that the latter form may present less leaf surface to the direct rays 
of the sun, thus fitting the tree to better endure the hot, dry climate in which this form 
of foliage is most common. Some authors hold that white fir of the Rocky Mountains 
bears longer leaves, and more commonly pointed ones, than do trees of the Pacific forests. 


The writer has, however, seen white fir in the latter region with quite as long leaves, 
while blunt leaves are not infrequent on trees in the Rockies. 


86 BULLETIN 327, U. S. DEPARTMENT OF AGRICULTURE. 


of the leaves bear lines of minute pores (stomata), which give a 
whitish or pale bluish tinge to the foliage. 

The cones (Pl. X XIII) are mature early in September, when they 
may be either very pale olive-green with an ashen tinge, or clear 
chrome-yellow green, while sometimes they are purple. They vary 
in length from about 34 to 44 (sometimes nearly 5) inches. The 
bracts, attached to the back of the cone-scales (Pl. XXIII, a), are 
sometimes rather narrow and oblong, or cccasionally broad and 
rounded, the free end having a small, wide-based point extending 
from its center. The seeds (PJ. X XIII, b) are a dingy yellow-brown 
with shiny, clear, rose-tinted wings. The seed-leaves are commonly 
6 in number, or occasionally 7. 

White fir wood varies in color from whitish to a pale indistinct 
brown, being soft, rather wide-ringed, and straight-grained. In 
weight it ranks third among other Rocky Mountain firs, a cubic foot 
of dry wood weighing about 224 pounds. It works easily, and is 
strong and hard enough to be useful for saw timber, for which it is 
cut to some extent. Many large trees are, however, affected with 
“»ounk-rot” or are wind-shaken, defects which render much of the 
old stands useless for commercial purposes. 


OCCURRENCE AND HABITS. 


White fir is for the most part a tree of moderate altitudes, occur- 
ring in general at elevations between 6,000 and about 11,000 feet, but 
more frequently at altitudes between 7,000 and 9,000 feet. It usually 
grows on north slopes, and is especially abundant on benches and 
the sides of moist canyons of these aspects (Map No. 9). White fir 
is less particular as regards aspect in the North than in the South. 
lt thrives in almost all fairly moist, well-drained soils, except heavy 
clays. The best growth, however, occurs in fairly deep, rich, moist 
gravelly or sandy loam soils. Frequently, nevertheless, it occurs on 
dry, nearly pure, coarse, disintegrated granite, and even among 
bowlders, but it is of much smaller size in such situations. White 
fir requires less atmospheric and soil moisture than any of our other 
firs, yet its best growth is always in cool, moist situations. 

Abies concolor never forms pure stands of mature trees over large 
areas, although it occurs frequently in nearly pure growths of lim- 
ited extent. Douglas fir is very commonly associated with white fir, 
and alpine fir, Engelmann spruce, and aspen are found with it more 
‘or less. Occasionally it occurs with western yellow pine and limber 
pine. The frequent dominant stands of young white fir, which occur 
mingled with Engelmann spruce or Douglas fir, usually give way in 
numbers to the latter species when the pole stage is reached, so that | 
the white fir later constitutes a much smaller percentage of the 
maturer stand than it did at the beginning. 


PLATE XXI. 
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PLATE XXII. 


ABIES CONCOLOR: UPPER-CROWN BRANCH. 
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ABIES CONCOLOR: CLUSTER OF RIPE CONES; SCALES AND SEEDS NEARLY READY TO FALL FROM CENTRAL AXxEs. 


a, Lower side of cone scales showing their bracts; 0, upper side of cone scale with its winged seeds (as they are borne) and lower side of detached seed; c, seedlings about two years old; 
d, young tree seyen years old (about one-half natural size), 
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ABIES CONCOLOR: TYPICAL THICK BARK OF TRUNK. 


PLATE XXIV. 
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White fir is very tolerant of shade throughout its life, but it en- 
dures more shade from the seedling to the pole stage than at any 
other period. Such growths survive long suppression under heavy 
shade, but with slow progress, and recover readily when overhead 
light is admitted. White fir appears to be most tolerant of shade in 
moist soil, where usually it is able to endure more than any associated 
species except Engelmann spruce and alpine fir. Owing to its great 
tolerance, white fir has a closely branched crown, and the trunks lose 
their branches rather slowly. : 

White fir is a fairly prolific seeder, producing large crops of cones 
periodically. Good seed years occur only at irregular intervals of 
from two to four years, but some seed is produced nearly every year. 
As a rule, seed production begins mostly at a rather advanced age, 
but pole-size trees in dense stands may bear seed when their leaders 
reach full light. Seed bearing continues for many years, but it is 
more abundant during the period of rapid height growth (between 
the ages of 50 and 100 years) than at maturity. The seed has only a 
moderately high rate of germination (often under 40 per cent) and 
transient vitality. Reproduction is usually abundant, large dense 
groups of seedlings often resulting from a single tree’s heavy seed 
crop. 

The character of the seed bed is apparently of little importance, 
for seed germinates on moist, heavy litter and humus as well as in 
mineral soil. However, fairly abundant soil moisture is essential 
during the first few months following germination in order that the 
seedlings may become established. Indifference to the kind of seed 
bed renders this tree more than ordinarily agressive, reproduction 
occurring over denuded lands adjacent to seed trees as well as imme- 
diately under their own shade. 

Large quantities of seed of this fir are eaten by squirrels? and 
probably also by other rodents which doubtless avail themselves of 


1The remarkable sagacity of pine squirrels is shown by an incident observed by the 
writer in connection with their ‘‘ cutting’’ of white fir cones in the Manzano National 
Forest, N. Mex. Part of the cones ‘“ cut’ from a tree had necessarily fallen directly into 
a shallow pool of spring water beneath the tree, and it is equally certain that part of 
them fell on the border of the pool. The latter supply of cones had, however, evidently 
been dragged to the abrupt edge of the pool and pushed into the water. Altogether a 
bushel or more of cones were thus cached in the water. Hvidence that the squirrels had 
deposited part of the cones in the water appeared in the fact that cones were especially 
numerous in the water at the edge of the pool. None were to:be found anywhere on the 
ground about the pool. While the squirrels were not actually seen at work, the position 
of the tree with reference to the pool was such that only a part of the cones “ cut down ”’ 
could have fallen directly into the water, while the remainder clearly must have reached 
the ground. The writer was informed by a settler’s lad who frequently passed the pool 
that he had seen the squirrels dragging cones to the water’s edge. The effect of placing 
ripe fir cones in water is to prevent them from breaking up and liberating their seeds, 
which occurs when the cones are left on the ground exposed to the air. While it is 
believable that the placing of these cones in the water may have been in accordance with 
the instinct of squirrels and many other rodents to cache their winter supply of food, it 
Seems quite unbelievable that the squirrels could know and profit by the fact that 
immersing fir cones in water temporarily preserves them intact. 
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the abundant supply of cones the squirrels “cut down.” During 
light or poor seed years this consumption may in some localities well 
include practically the entire crop, but in seasons of heavy seed pro- 
duction, the loss from rodents must still allow abundant. reproduc- 
tion. 

‘ LONGEVITY. 


In general white fir grows rapidly in height and diameter for the 
first 50 to 100 years, after which it grows slowly up to about 350 
years, which is believed to be near its maximum age. The age limit 
of white fir in the Rocky Mountain region is not fully known at 
present, but very probably the largest trees are not over 250 or 275 
years old. 


SHASTA RED FIR. 


Abies magnifica shastensis Lemmon. 
COMMON NAME AND EARLY HISTORY. 


The Shasta red fir has only a very limited range in the Rocky 
Mountain region (Map No. 10; western edge of Nevada), its princi- 
pal range lying in the Pacific slope region. 

From the forester’s point of view Abies magnifica and its variety, 
_ A. magnifica shastensis, which is distinguished from the former by its 

shorter and thicker cones and by the exserted bract of its cone scales 
(Pl. X XV, a), are practically one tree. Indeed, without seeing the 
mature cones of the species and its variety, it is impossible to dis- 
tinguish one tree from the other. Their silvical habits and habitat 
are essentially the same. 

The common name, Shasta red fir, derived partly from the techni- 
cal name, is probably not used by woodsmen and other laymen who 
generally call the species and variety “red fir.” The name Shasta 
red fir refers appropriately to the deep red-brown bark which both 
the species and its variety invariably have throughout their range, 
and to the historical fact that the tree was originally found on Mount 
Shasta, Cal. 

Abies magnifica was first discovered in 1845 by Col. Frémont 
on his expedition to California, the first authentic description of it 
appearing in 1863. The Shasta red fir was found first on Mount © 
Shasta, Cal., in 1852 by the intrepid Scotch explorer John Jeffrey. 
‘The earliest technical name given to this form is probably “ Abies 
nobilis rubusta” of Carriére, published in 1867; but it is impossible - 
to be sure now that Carriére’s accompanying description applies to 
the Shasta fir, which in 1890 was properly distinguished for the 
first time as “ Abies magnifica var. shastensis” by Dr. J. G. Lemmon. 
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This author later believed it to be a distinct species, and in 1897 pub- 
lished the name “ Abies shastensis.” A long and careful field study 
of this tree has convinced the writer, however, that it is only a 
varietal form of Abies magnifica. 


DISTINGUISHING CHARACTERISTICS. 


Abies magnifica is a tree of stately dimensions, ranging from 125 
to 175 feet in height, or very exceptionally 200 feet or more, and from 
30 to 50 inches in diameter; trees from 60 to 80 inches in diameter .- 
are rather rare. Much larger trees are said to have been found, but 
the writer has never seen them. Abies magnifica shastensis occurs 
only at high elevations where conditions for growth are much less 
favorable than within the main vertical range of the species, so that 
it rarely exceeds 125 feet in height and 3 feet in diameter. In close 
stands at lower elevations the trunks of large trees are straight and 
slightly tapering. Smaller trees on high exposed slopes are often 
conspicuously and permanently bent down the slope at their base, 
as a result of heavy snows which yearly force the seedlings to the 
ground. Their later struggle to regain an upright position never 
wholly rids the trees of this basal bend in the trunk, which remains 
a mark of early vicissitudes. 

The bark of young Shasta red fir trees is smooth and conspicuously 
chalky white, as it is also on the upper stem and branches of old 
trees, while on the lower trunks of older trees it is rough with deep 
furrows and narrow, rounded ridges. It varies in thickness from 
2 to 3 inches according to the size of the tree. The main vertical 
ridges of the bark are irregularly divided by diagonal furrows, 
which give a peculiar zigzag appearance to the bark. Externally 
the rough bark of old trunks is a deep purplish-brown and a bright 
purple-brown within. No other fir tree in this region has bark 
similar in any particular to this. 

The crown of old forest grown trees is a short, very narrow, round- 
topped cone, sometimes almost cylindrical. The short branches 
droop except at the top of the crown, where they trend upward. 
The crown is noticeably open, due to the fact that the circles or 
whorls of branches grow from the trunk at rather wide and regular 
intervals. Only in the densest stands are medium-size trees clear of 
branches for half or more of their length. In the high, fairly dense 
Pacific Slope forests many trees bear straggling branches nearly to 
the ground. At high elevations, too, the brittle tops are often 
broken off by wind, when the lost member is replaced by the upward 
growth of one or two side branches, which soon assume the form and 
place of leaders. Broken and repaired crowns of this type are 
familiar sights on wind-swept slopes inhabited by this fir. Young 
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trees (30 to 50 years old and as many feet high) have narrow, cylin- 
drical, sharp-pointed crowns, extending down to the ground. All 
of the regular groups of branches, except the topmost, sweep down 
and upward at their ends in graceful curves, presenting a form which — 
is unsurpassed in beauty and symmetry by any of our other conifers. — 

The sharp-pointed winter buds are light chocolate-brown and 
about one-fourth of an inch long. Unlike the winter buds of other 
firs of this region, those of the Shasta fir are not resinous. 

The dense foliage is dark blue-green, with a whitish tinge; new 
leaves, produced each season, are at first a much lighter green and 
more conspicuously whitened than when older. The leaves are four- 
angled, with nearly equal sides, the angle on the upper sides of the 
leaves being rounded. Leaves of the lower branches (Pl. XXV, 6) 
are flatter than those on other parts of the crown (Pl. XXV, a). 
Those on the lower side of the branches are so bent that they appear 
to grow from the top side of the branch, and mainly in two dense 
upright lines. All of the leaves are, however, more or less curved. 
The leaves of lower branches are from three-fourths of an inch to 
about 14 inches long, blunt or rounded at the end, and wider there 
than at the base. Leaves of the upper-crown branches (Pl. X XV, a) 
are more strongly four-sided and stouter than those of lower branches 
and are conspicuously curved and densely crowded toward and on 
the top of the branches. They are from five-eighths of an inch to 
about 14 inches long and more or less distinctly pointed; leaves of the 
leader are also somewhat sharply pointed and incurved to the stem. 

The cones (Pl. XXV, a) are mature by the middle or end of 
August, and during September they break up and liberate the seeds 
(Pl. XXV,c). At maturity they are deep purple in color and often 
tinged with brown. They vary in length from about 44 to 54 inches 
by about 24 to 3 inches in diameter and in form from cylindrical to a 
longegg shape. The bracts, attached to the backs of the cone scales, are 
always broad at the end and in some cases scarcely or only slightly 
extended beyond the ends of the cone scales (Pl. X XV, a), while in 
others the bracts may be conspicuously extended (Pl. XXV, d).1 
The large-winged seeds (Pl. X XV, ¢) are dark brown, with shiny, 
purplish or rose-colored wings. The seed-leaves vary from 9 to 18, 
but are usually 12, and are about fiveseighths of an inch long and 
bluntly pointed. 

1 Shasta red fir trees have been found bearing some cones with plainly exserted bracts and 
others with bracts entirely hidden. The hidden and exserted bracts do not differ essen- 
tially in form. In 1899 the writer found a group of trees at “Alta Meadows” (Sequoia 
National Park, Cal.), on some of which all of the cones bore exserted bracts, while on 
other trees the- cones bore only hidden bracts. * There is a sharp distinction between the 
form of the bract produced by Abies magnifica and its variety shastensis, bracts of the 

latter being broadly rounded at the end (Pl, XXV, d) and bracts of the species being 


. narrowly lance pointed (Pl. XXV, e). No forms of bracts strictly intermediate between 
these extreme types have as yet been discovered. 
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PLATE XXV. 


ABIES MAGNIFICA SHASTENSIS. 


a, Upper-crown branch and ripe cone; b, lower-crown branch; ¢, upper side of cone scale with one of its winged seeds and lower side detached seed; d, lower side of cone scales show- 
ing large form of protruding bracts; e, lower side of cone scale showing smaller and shorter bract of Abies magnifica, 


The wood of Shasta red fir is the heaviest of all the firs in this 
region, a cubic foot of dry wood weighing about 29 pounds. It is 
yellowish-brown in color with a reddish tinge, straight-grained, usu- 
ally narrow-ringed, and of a soft but firm texture. The wood of old 
trees is rather brittle. In an unprotected state the seasoned wood is 
considerably more durable than that of any other native fir. The 
commercial value of the better grades of this wood is yet to be deter- 
mined. When other timber of lower elevations becomes scarcer the 
firmness and good working qualities of Shasta red fir wood are likely 
to render it useful for a number of the purposes to which pine is put. 
At present the tree is not cut for commercial purposes. 
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OCCURRENCE AND HABITS, 


Shasta red fir is essentially a tree of high mountain habitat, some- 
times well up to timber line. It occurs generally at elevations between 
5,500 and about 10,000 feet, the higher elevation being reached in 
our southern Sierras. Within the Rocky Mountain region it occurs 
chiefly at elevations from about 6,000 to 8,000 feet, the main growth 
lying between 6,800 and 7,500 feet (Map No. 10). It grows both on 
protected, gentle mountain slopes about meadows, in cool, sheltered 
ravines, gulches, and on high rolling mountain plateaus, as well as 
on steep, exposed, wind-swept mountain sides near high divides and 
crests. Shasta red fir prefers north and east exposures, where it is 
confined mostly to the available moist, cool sites. It is much less fre- 
quent on drier and warmer southern exposures in the former locations. 
The tree grows most abundantly and to the largest size, in moist, 
porous, sandy or gravelly loam soils; but it is found also in very 
rocky, poor situations with little available soil. Poverty of soil and 
moisture in such places, however, produces small or stunted trees. 
Under favorable conditions for growth Shasta red fir forms large 
pure stands and also nearly pure stands, the latter being interspersed 
more or less with scattered growths of lodgepole pine, western white 
pine, and white fir. 

Shasta red fir is only moderately tolerant of shade at any period 
of its life, full enjoyment of sunlight being required for the best 
development. It is much less tolerant of shade than white fir, in- 
cense cedar, and Douglas fir, but very similar to noble fir in its re- 
quirement of light. Rarely to any extent does Shasta red fir grow in 
intermediate or subordinate positions, but nearly always in stands 

i The exact range of Shasta red fir has not been fully worked out. Following its first 
detection on Mount Shasta, California, it was found on the coast and cross ranges of 
northern California, and also on the Cascade Mountains of Oregon. Later it was 
observed by the writer on the divides of Kaweah River watersheds and elsewhere far 


south of Mount Shasta, in the southern Sierras, while still later it was found to be 
abundant on Washoe Mountain in northwestern Nevada. 


’ 


of equal age, which favor overhead light to all of the trees. It en- 
dures but: little side shade, as is shown by the long, clean trunks it 
produces in close stands and commonly also even in rather open 
stands. Ability to endure shade, however, appears to vary with the 
nature of the soil, available moisture, and climatic conditions, trees 
always showing relatively greater tolerance of shade under the best 
conditions for growth. 

Shasta red fir seeds plentifully, good crops of cones being pro- 
duced about every two or three years. Seed production is usually 
greatest in the more open stands of moderately old trees. The seed 
bas a fairly high rate of germination, but under ordinary conditions 
of storage its vitality is retained for only a few months. Germina- 
tion occurs abundantly on moist mineral soil in the open or under 
light shade, being much less frequent or wanting on dry, thick duff. 
Seedlings grow rapidly in cool, moist, sandy soil, soon restocking 
high slopes and openings cleared by fire or storm. 
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LONGEVITY. 


Shasta red fir appears to be rather long lived. Trees from 20 to 36 
inches in diameter are from 225 to 370 years old. Very large trees, 
not yet studied chiefly because the timber is not now cut for mill- 
ing, would certainly show much greater ages. There are evident 
differences, not yet determined, in the longevity of trees growing on 
high, exposed slopes and those at lower levels in more protected 
places, trees of higher elevations naturally being considerably older 
than those of the same diameter growing at lower levels. 


KEY TO GENERA. 


Leaves four sided; cones hanging down or curved downward, the cone 
scales firmly attached and not falling away when the cones are ripe_ Picea. 

Leaves flat, grooved on the upper side; cones upright, the cone scales 
casily detachable and falling away from a persistent spikelike central 
stem when the cones are ripes=*._ 22 ee eee Abies. 


KEY TO PICEA. 


Twigs smooth: 
Leaves very keenly pointed and stiff; cones mostly 3 to 4 inches 


yrs ee PE a area ea Picea parryana. 
Leaves only moderately sharp-pointed ; cones mostly 14 to 24 inches 
long use ol Sees eu ee ne eee Picea canadensis. 


Twigs minutely hairy: > 
Cones firmly attached to the twigs and persistent for a number of 
OAT Se a NS 1c eh ee at Picea mariana. 
Cones lightly attached to the twigs and soon falling from the 
PLeCS see 2h yotal Vite ality saree. EA SS ee Picea engelmanni. 
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KEY TO ABIES. 


Leaves of lowest branches arranged in two ranks (on two sides of the 
twigs) and mostly notched at the end____-____________________ Abies grandis. 
Leaves of lower branches more or less densely crowded on the upper 
sides of the twigs and with no notch at the end: 


Barkvor the trunk soft and corky=—-.--~—--__-_.---___=~ Abies arizonica. 
Bark of the trunk hard and tough: 
(1) Irregularly and shallowly seamed____-________ Abies lasiocarpa. 
(2) More or less regularly and deeply furrowed and ridged: 
(a) Externally dark reddish-brown_____ A. magnifica shastensis. 
CO) pebrxtermally iashy-omay= 2220. ae be ea Abies concolor. 


Bark of the trunk scaly, the small scales easily detached__ Abies balsamea. 
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INTRODUCTION. 


Wheat as grown and as marketed frequently contains various kinds 
of so-called inseparable impurities, such as rye (Secale cereale), corn 
coekle (Agrostemma githago), kinghead, or great ragweed (Ambrosia © 
trifida), and wild vetch (Vicia angustifolia). These impurities are 
considered inseparable, inasmuch as they are not readily removed 
from wheat by the grain-cleaning machinery in general use in grain 
elevators and flour mills, because of their similarity in size, SHR, 
and specific gravity to the wheat in which they occur. 

Millers claim that the presence of these impurities in wheat in 
appreciable amounts injures the milling and baking qualities of the 
flour. The result is that wheat which contains a noticeable amount 
of these ingredients when marketed is generally penalized by being 


Notre.—The data presented in this bulletin are applicable to the wheat-producing sections of the 
United States and are of interest to farmers, grain dealers, flour millers, and bakers. 
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given a lower commercial grade or by a reduction im price, as com- 
pared with wheat that is free from such impurities. Special experi- 
ments to determine the effects that these impurities have on the 
milling and baking qualities of wheat were begun in 1912 by the 
Office of Grain Standardization and were continued in 1913 and 1914. 

The results of millmg and baking experiments with wheat con- 
taining various amounts of rye, corn cockle, kinghead, and vetch show 
conclusively that these impurities have deena effects on the 
quality of the flour.t. Further experiments are planned with such 
impurities as rye, barley, wild oats, kafir, and wild-rose seed, and also 
with poneges and ee oun wheat. 


FREQUENCY OF OCCURRENCE OF IMPURITIES IN WHEAT. 


A study of the analyses of samples of wheat secured from the crops 
of 1911, 1912, and 1913, as grown and as marketed, shows that a 
large percentage of the samples of spring and durum wheat contained 
rye, barley, oats, wild oats, corn cockle, kinghead, and wild-rose seed, 
and that wild vetch is sometimes found in appreciable amounts. 
Rye was found in 83.1 per cent of the hard winter-wheat samples 
secured. This information is given in Table I. 


' TasLEe I.—Wheat samples from the crops of 1911, 1912, and 1913, which contained cer- 
tain impurities, showing the percentage of each impurity found. 


Spring and durum wheat Hard winter wheat 
(633 samples). (267 samples). 
‘tac Sam- Percentage of | Sam- Percentage of 
Impurities found. mies ioe impurity. “Ig oa impurity. 
COR= | Taco. | |) COS ace 
\ taining’ = taining ee 
impu- total _Aver- | Maxi- | impu- total Aver- | Maxi- 
rities. ‘| age. | mum. | rities. |} age. | mum. 
Barlaytics hones c wold fue ee ey Coes 453 | 71.6 0.23 12.9 5 | 1.87 | Trace. 0.1 
Vi Ore eee ea Catn a eeisicisiae Se ee 249 | 39.2 . 06 14.3 222 |83. 1 0. 31 4.1 
Oatsey 4 i stesso Lee ear ee eee 590 | 93.2 seu 6.8 63 |23. 6 - 03 3.3 
WWaALOIO ATS Re. Saeco cee eee ee eee 562 | 88.8 1.36 28.5 0 0 0 
Gormicgdles..-) . jee ety | eee eae 375 | 59.2 11 6.0: 0; 0 0 0 
IKsin ph Oa de rae eet eee ns hsin jabs seem 124 | 19.8 -09 3.8 0/0 0 0 
Wald vetchee ti iaesa sis GI at Sea 42) 6.8 .10 3.8 c| 0 0 0 
WWVLLCOSC Spee tee = inte cles tht ats eer 209 | 33.0 | Trace. 8 15 | 5.6 | Trace. ol 


COMPARISON OF THE SPECIFIC GRAVITY OF WHEAT AND OF ITS 
IMPURITIES. 


The specific gravity of wheat varies with the type or class and 
also with the quality. The average specific gravity of a number of 
samples of soft wheat, determined in connection with investigations 
with grain, was 1.3891, with a range between 1.3616 and 1.4133, 
of the Office of Grain Standardization, who made all the baking and practical tests with the flour, assisted 


by W. K. Marshall, aid in grain standardization, and to Thomas Sanderson, in charge of the experimental 
- mill of the North Dakota Agricultural College, who made the milling tests. 
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while the average specific gravity of a number of samples of hard 
wheat was 1.4273, the range being from 1.4152 to 1.4427. 

Roberts! found a range in specific gravity between 1.227 and 1.386 
in tests with 52 different types of wheat. 

In his studies of various kinds of seeds Nobbe? gives the average 
specific gravity of 30 samples of wheat as 1.4131, with a variation 
between 1.3766 and 1.4396. The specific gravity of various other 
seeds is also given, viz, corn cockle (Agrostemma githago), 1.233; rye, 
for different tests, 1.325 and 1.371; barley, 1.351. The specific 
gravity of different species of vetch (Vicia) is given as follows: Vicia 
benghalensis, 1.344; Vicia dumetorum, 1.203; Vicia faba, 1.298; Vicia 
lutea, 1.273; Vicia monanthos, 1.327; Vicia narbonensis, 1.300. 

Table II gives a comparison of the specific gravity of wheat with the 
specific gravity of several impurities very frequently found in wheat. 
These figures represent but one test of the impurities used in the milling 
and baking tests described in the following pages. It will be noted 
that the corn-cockle seed has a specific gravity nearly equal to that 
of wheat, while rye and hairy vetch have a greater specific gravity 
than wheat. The samples of rye, barley, kafir, and hairy vetch 
were cleaned with a small milling separator to remove- any foreign 
matter, such as chaff or dirt, and the small and light kernels were also 
removed. The samples of rye and hairy vetch were possibly above 
the average quality. This is indicated by the test weight per bushel 
after the samples were cleaned. The rye weighed 58 pounds and the 
hairy vetch 64 pounds per bushel in comparison with 57 pounds per 
bushel, the test weight of the wheat used in the various tests with the 
different impurities. The kinghead seed, though having a smaller - 
specific gravity than wheat, is somewhat larger and is not readily 
removed with ordinary mill cleaning machinery. 


TaBLE II.—Specific gravity of wheat and of certain impurities frequently found. 


Wheat and im- 


purity. Sp. gr. Impurity. Sp. gr. | Impurity. | Sp. gr. | Impurity. Sp. gr. 
Wheat (spring). -} 1.3992 || Barley.....---- oe25u | Watite ss ees sa: 1.3175 || Corn cockle....- 1.3915 
IRA iGaae came 1.4097 || Wild oats. --.... 1. 3320 || Kinghead-...-- . 9563 || Hairy vetch....| 1.4888 
I | 


Figure 1 shows the comparative size and shape of wheat and rye 
kernels and of seeds of corn cockle, hairy vetch, kinghead, and wild 
vetch. 


METHODS OF PREPARATION AND MILLING. 
To insure greater uniformity in the different tests, a sufficient 


quantity of wheat of one variety was purchased each year to make all 
the milling tests desired. Thus, the samples milled and used as 


1 Roberts, H. F. Breeding for type of kernel in wheat. Kans. Agr. Exp. Sta. Bul. 170, p. 108-114, 1910. 
2 Noble, Friedrich. Handbuch der Samenkunde, p. 315-319. Berlin, 1876. 
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checks in each experiment are comparable with the samples con- 
taining the different impurities. 

The wheat used in the experiment was thoroughly cleaned and 
scoured before making up the milling samples containing the various 
admixtures of rye, corn cockle, kinghead, and hairy vetch. This was 
done because the samples were neither cleaned nor scoured after the 
mixing, since it was desired that a definite known percentage of any 
added impurity should go to the rolls for milling into flour, bran, and 
shorts. . 

Each sample milled consisted of 100 pounds, including the impurity 
(e. g., 99 pounds of wheat and 1 pound of corn-cockle seed; 98 pounds 
of wheat and 2 pounds of corn cockle seed, etc.). The samples were 


06000 
8,8 


Fic. 1.—Grains of rye (A) and wheat (B); seeds of corn cockle (C), hairy vetch (D), kinghead (£), and 
wild vetch (F). On account of the shape, size, and specific gravity of these impurities they are not 
easily separated from wheat. (Natural size.) 


milled at the North Dakota Agricultural College in the experimental 
mill, which has a capacity of 50 barrels per day of 24 hours. 

To obtain results which would be comparable with average com- 
mercial conditions at country points, the methods of milling used in 
country mills were followed in general in the tests with the so-called 

inseparable impurities. The flour yields obtained compare very favor- 
ably with those secured by well-equipped country mills of 50 to 100 
barrels daily capacity, since it was possible in milling the samples to— 
make five breaks and as many reductions as desired, up to seven or 
eight. 

In the tests covering the three years, the samples were milled as 

straight flours (that is, only one grade of flour was made from the 
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total flour obtained) and, in addition, in the 1913 tests, three grades 
of flour, viz, patent, first clear, and second clear, were made from 
wheat containing 10 per cent admixtures of rye, corn cockle, king- 
head, and hairy vetch, in order to study the effects of a large percent- 
age of these different impurities on each grade of flour. 

In the 1912 and 1913 tests where the one grade (straight flour) was 
made, the percentages of impurities used in the admixtures were 1, 2, 
3, 5, and 10, except that in the 1912 experiment with corn cockle 
tests were made with but 1, 2, and 3 percent. In 1914 the milling 
tests were continued with samples of wheat with admixtures, viz, 
1,2, and 3 per cent each of corn cockle and kinghead, and 1, 2, 3, and 
5 per cent of rye. No milling tests were made with admixtures of 
hairy vetch, as the experiments of 1912 and 1913 showed very con- 
clusively the detrimental effects which this impurity has on the 
milling and baking qualities of wheat and flour. 

Samples of wheat which contained large amounts of wild-vetch seed 
were secured by the writer from the 1914 crop as marketed by farmers 
at country points, and the resuits of the milling and baking tests of 
these samples are given in Table IX (p. 20). The results show that 
the detrimental effects of hairy vetch and of wild vetch in wheat as 
milled are very similar in character. 


- DESCRIPTIONS OF THE DIFFERENT IMPURITIES. 


RYE. 


Rye (Secale cereale) is the impurity most common and abundant in 
hard winter wheat. Millers object to its presence, claiming that it 
injures the color of the flour, but the opinions of millers differ greatly 
as to the amount of rye that may be present in wheat before the 
color of the flour will be affected. Some millers contend that 2 per 
cent of rye in wheat will injure the color of the flour, while others 
hold that amounts up to 5 per cent will not noticeably affect the 
quality of the flour or bread. 

Rye was also found in 39.2 per cent of the spring-wheat samples 
secured, as indicated in Table I, and in one case the farmer’s wheat 
crop contained 14.3 per cent. On account of the excessive amount 
of rye in this wheat the farmer received 8 cents less per bushel than 
he would have received had the grain been free from rye. The 
presence of rye in a considerable percentage of the samples examined 
was probably due to the fact that wheat containing rye was used 
for seeding purposes. Frequently wheat is sown on land which was 
planted in rye the previous season, and the rye shattered during 
harvest produces a volunteer crop which matures and is harvested 
with the wheat. Where the wheat crop partially winterkills, the per- 
centage of rye is considerably increased, as rye is not so subject to 
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winterkilling as wheat. Baking tests with flour milled from wheat 
samples containing different percentages of rye showed detrimental 
effects on both the color and the texture of the crumb when above 3 
per cent of this impurity was added to the wheat. 

Examinations of samples of flour milled from wheat which con- 
tained various percentages of rye showed the presence of a consider- 
able number of grayish and greenish yellow specks, especially in the 
samples containing more than 3 per cent of this ingredient. 

Wheat containing a 3 per cent admixture of rye will yield a darker 
colored flour, showing quite distinctly toward the tail of the mill. 
When rye is milled alone about 48 per cent of flour is obtained, as 
shown in Table III (p. 10). Rye flour does not bolt freely, but 
when blended with wheat in small amounts it seems to cause very 
little trouble in bolting, since the wheat flour aids the rye flour in 
passing through the bolting cloth. The fact that the flour yield 
was but slightly reduced even in samples of wheat with 5 per cent 


Fic. 2.—Wheat containing 6 per cent of corn-cockle seed and 8.7 per cent of other foreign matter, as 
delivered at a country elevator. (Natural size.) 


or more of rye would indicate that a large proportion of the rye 
flour bolted through with the wheat flour. When wheat containing 
10 per cent of rye was milled into three grades of flour, the injurious 
effects of rye were most pronounced in the second-clear flour, as 
evidenced in the baking results given in Table VI (p. 16). 


CORN COCKLE. 


Corn cockle (Agrostemma githago) is an annual prolific weed, the 
seed of which is rough, black, and of such a shape and size as to 
make it difficult to separate from wheat. It is very common, being 
‘widely distributed over the United States, and is especially abundant 
in the sections producing soft red winter, spring, and durum wheats. 
It is not an uncommon occurrence for wheat to contain 1 or 2 per 
cent of this*weed seed, and occasionally 5 or 6 per cent of corn cockle 
_is present in the'grain as marketed (fig.2). The presence of 1 or 2 per 
cent of corn cockle in wheat is likely to lower the grade or price given 
the farmer and will lower the baking qualities of the flour. The fact 
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that a single plant of corn cockle has been known to yield as high 
as 2,500 seeds shows it to be an exceedingly prolific and obnoxious 
weed, which every farmer should strive to eradicate or prevent from 
getting a start if the farm is not infested. 

In milling wheat containmg but 1 per cent of corn cockle, plane 
specks, which are finely broken pieces of the outer covering of the 
seed, appear in the flour. When milled alone, corn-cockle Sead will 
yield from 45 to 50 per cent of flour having a bluish white color and 
aspecky appearance. Baking tests of three grades of flour milled 
from wheat containing 10 per cent of corn cockle indicated that this 
impurity was well distributed in each grade of flour (Table VI, 
p. 16). 

Figure 2 represents a sample of spring wheat obtained by the 
writer from a farmer’s wagon as the grain was unloaded at a country 
grain elevator. The mechanical analysis of this sample showed it to 
contain by weight 6 per cent of corn cockle, 1 per cent of wild buck- 
wheat, and 7.7 per cent of other grains, which consisted of oats, 
wild oats, and barley. 

The presence of such an amount 6 per cent) of corn cockle in this 
wheat resulted in a loss to the farmer, not only in the lower price per 
bushel which he received but in addition a dockage was assessed. 

This term ‘‘dockage”’ is used with reference to the foreign matter 
present in wheat when marketed. It is the custom in the States 
producing spring wheat which contains a considerable quantity of 
foul weeds and other foreign matter to deduct from the gross weight 
of the load a certain amount expressed in pounds per bushel. For 
example, if a load of 50 bushels of wheat is found to contain 2 pounds 
of foreign matter for each bushel, then 100 pounds is deducted from 
the gross weight, and the owner of the grain receives pay for 50 
bushels less the 100 pounds of dockage, or 48 bushels and 20 pounds 
of wheat. 

KINGHEAD, OR GREAT RAGWEED. 


-Kanghead (Ambrosia trifida) is an annual weed belonging to the 
ragweed family, which grows very rank, from 3 to 15 feet high, in 
moist soil. Consequently, it is found more frequently and myich 
more abundantly in river valleys and in sections where the ground 
lies low and where there is a good supply of moisture than in well- 
drained areas or sections with a light rainfall. According to Britton 
and Brown, this weed is widely distributed over the United States. 
However, it seems to be a greater pest in the Northwest, especially 
in Minnesota, North Dakota, and South Dakota, than in the other 
wheat-producing States. 

On account of its shape and size (fig. 1) this seed, like corn cockle, 
is difficult to clean out of the wheat. One means of removing it, in 
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addition to the regular grain-cleaning machinery commonly found 
in mills, is that of floating it out with wheat washers, specially 
devised machines for cleaning smutty wheat. Since installing this 
equipment is expensive, few mills have such facilities, and they must 
depend on the ordinary grain cleaners, which remove but a small 
percentage of the kinghead seed, often present in quantities as high 
as 3 or 4 per cent. Unless wheat that contains large amounts of 
kinghead seed 1s mixed with a sufficient quantity of clean wheat to 
reduce the percentage of kinghead to a minimum, the flour produced 
will be of inferior quality. Such flour contains black specks, which 
injuriously affect the quality of the bread both in color and texture. 
The writer secured in a country mill samples of flour milled from 
wheat containing about 2 per cent of kinghead seed. Baking tests 
of these samples showed that both the color and the texture of the 
loaf were very seriously affected. When milled alone, kinghead seed 


Fic. 3.—Wheat containing 28 per cent of kinghead seed and 3.5 per cent of other foreign matter, as unloaded 
from a wagon at a country elevator. (Natural size.) 


gave a very low yield (less than 16 per cent) of flour, which was dark 
eray in color. The flour was readily reduced, the bulk of it being 
made on the break rolls and the first reduction. On account of the 
dark color of this flour, a mixture of 1 per cent of kinghead seed in 
wheat when milled is noticeable in the flour. When wheat con- 
taining 10 per cent of kinghead was milled into three grades of flour, 
the injurious effects of this so-called inseparable ingredient were in 
evidence in all grades, as shown by the results of the baking tests 
given in Table VI (p. 16). 

Figure 3 shows a sample of spring wheat as grown and delivered to 
an elevator by a farmer. This sample contained 28 per cent of 
kinghead seed by weight, in addition to 2 per cent of rye and 1.5 per 
cent of wild oats. On account of the excessive amount of this prae- 
tically inseparable weed seed in the wheat, the price and grade were 
greatly reduced, and, as with the sample which contained corn cockle, 
a heavy dockage was assessed by the grain buyer. 
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WILD VETCH. 


Wild vetch (Vicia angustifolia) is a narrow-leaved species, closely 
related to common vetch, and is an annual weed growing about 1 to 2 
feet high in fields and waste places. The seed is nearly round, black 
or dark brown in color, and, as arule, fully as large as corn-cockle seed. 
For this reason it is difficult to separate it from wheat, and when, 
present in appreciable quantities it lowers the grade and reduces the 
price given for the wheat. Although this weed is neither so prevalent 
nor so abundant as corn cockle, yet in some localities, especially in 
sections producing spring wheat, it is found in such amounts as to be 
a pest. The species of wild-vetch seed found in the wheat samples 
secured at country points consisted largely of the narrow-leaved 
vetch and to a lesser extent the hairy-pod vetch (Vicia hirsuta). The 
latter species has short pods covered with fine, short hairs (hence the 


Fig. 4.—Wheat containing 3.8 per cent of wild-vetch seed and 1.5 per cent of other foreign matter, as 
unloaded from a farmer’s wagon at a country elevator. (Natural size.) 


name hirsuta), while the narrow-leaved vetch has black pods an inch 
or more in length. 

Because it was not feasible to secure a sufficient amount of wild- 
vetch seed for use in the milling and baking tests which were made to 
study the effects of such an impurity in wheat, hairy-vetch seed 
(Vicia villosa), which is very similar in size and shape, was substi- 
tuted for wild vetch. Hairy-vetch seed is less highly colored than 
seed of the wild vetch, which has a reddish orange-colored meat, and 
possibly the effect on the color of the crumb of the loaf was less pro- 
nounced than would have been the case if wild-vetch seed had been 
used. Where 1 per cent of hairy-vetch seed is present in wheat as 
ground, the flour will have a yellowish appearance and a noticeable 
odor of vetch. When milled alone, hairy-vetch seed gave a flour 
yield of about 58 per cent. It was hard to bolt, having a somewhat 
gummy consistency. The color of the flour was similar to that of 
powdered sulphur and consequently when blended with wheat flour 
it imparted a yellowish tint to the bread. 

Figure 4 shows a sample of spring wheat containing 3.8 per cent of 
wild-vetch seed by weight, in addition to the other impurities, con- 
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sisting of 0.5 per cent of wild oats and 1 per cent of pigeon grass and 
other weed seed. This wheat was obtained from a farmer’s wagon 
as the grain was unloaded at a country elevator. Because the grain 
buyer considered wild vetch an inseparable impurity which would 
injure the milling qualities of the wheat, the farmer was given a 
lower price for his grain than he would have received had the wheat 
been free from vetch seed. 


COMPARATIVE MILLING YIELDS OF WHEAT AND OF ITS IMPURITIES. 


Table III shows the yields of bran, shorts, and straight flour ob- 
tained in milling wheat in comparison with the yields of these products 
obtained in milling rye, corn cockle, kinghead, and hairy vetch as used 
in the milling and baking tests. Averages are given of three tests with 
wheat and corn cockle and of two tests with rye, kinghead, and hairy 
vetch. 


Taste IIl.— Milling tests of wheat, rye, corn cockle, kinghead, and hairy veich, showing 
comparative yields of straight flour, bran, and shorts. 


Straight |Quantity Machine used in milling. color of flour. 


Ingredient. Bran. Shorts. alae milled 
: Per cent. | Per cent. | Per cent. | Pounds. 
» Wiheata 222. 2. 12.5 14.7 71.4 120))|50-barrelimill= es ese eee White. 
WRiv omega’ 13.6 31.3 47.8 Tg foe. Oso ST PIE ae an aaa Gray. 
Corn cockle . - 22.9 28.0 47.6 20 | Small experimental mill.-..-..- Bluish white. 
Kinghead _.-. 52.3 31.9 15.8 alee ae C0 Ke ee ne ee a RES sts Dark gray. 
Hairy vetch.. 12.9 25.3 57.8 Saba ee dorics. The se eee cee Yellow. 


A relatively low yield of flour was secured when each impurity 
was milled by itself, especially in the test with kinghead seed, from 
which less than 16 per cent of flour was obtained. The presence of 
more than 1 per cent of this impurity in wheat as milled resulted in 
a noticeably decreased flour yield, as shown in Table IV. 

Although the flour from each impurity was difficult to bolt when 
milled alone, when the mixtures of rye, corn cockle, and hairy vetch 
with wheat were milled the yield of flour was not greatly reduced. 
In all probability the wheat flour aided in bolting through a greater 
proportion of the flour from each of the impurities. On account of 
the decidedly different color of the flour of each impurity from that 
of wheat flour, the detrimental effects on the color of the bread made 
from such flour mixtures are very noticeable. (See Table IV.) 


MILLING AND BAKING TESTS OF WHEAT CONTAINING IMPURITIES. 
TESTS WITH ADMIXTURES OF VARIOUS PERCENTAGES OF EACH IMPURITY. 


Table IV gives the results of milling and baking tests with samples 
of wheat containing certain percentages of the so-called inseparable 
impurities—rye, corn cockle, kinghead, and hairy-vetch seed. These 
data are the averages of tests covering three years with rye, kinghead, 
and corn cockle, with the exception of the tests with 5 per cent and 10 
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per cent of corn cockle, in which instances tests were made for one year 


only, and the results obtained 


in the experiments with hairy vetch 


are the averages of tests covering two years. 


TaBLeE [V.—Milling and baking tests of clean wheat and of wheat containing different 
percentages of rye, corn cockle, kinghead, and hairy vetch. 


Milling d 
yield. ‘s rs 
[ss] 
Sample description. B a 
Q [o) 
: 3 o 
n . tH 
qaiz/S/38 | 
elsleie] 3 
AlInIAIe] & 
P..ct|P..ct|P.ct|P.ct} C.c. 
Clean wheat (check). - .|12. 5/14. 7/71. 4/58. 0) 2,510 
Wheat with rye: 
1 per cent_......... 11. 9]16. 5)70. 0/57. 3) 2.410 
2ipercent.2.-.-../.- 11. 9}15. 9/71. 2/57. 4) 2, 430 
$ per cent_--....-.. 12. 3/16. 1/70. 7/57. 3) 2,440 
MPeMCOltesea sees se 12. 7/16. 3|70. 0/57.3) 2, 440 
10 per cent..:.....-. 12. 9)16. 5/70. 0/57. 9) 2,370 
Clean wheat (check)... .)11. 7/15. 4/71. 8/58. 2] 2, 565 
Wheat with corn cockle: 
14. 8)13. 6/70. 0/58. 1) 2, 500 
16. 0)12. 9/69. 7/57. 4| 2,470 
15. 7/12. 9}70. 4/57. 7) 2, 220 
Clean wheat (check). . .|12. 8/14. 1/70. 3}62. 3} 2, 765 
Wheat with corn cockle: 
5 per cent...-...... 14. 1/15. 5)70. 1/60. 9) 1, 750 
10 per cent.....-...|16. 5/13. 1/69. 3/59. 4; 910 
Clean wheat (check). . .|12. 5/14. 7/71. 4/58. 0} 2,510 
Wheat with kinghead: 
i per'cent:_.-<_.... 13. 0/15. 3/70. 2/57. 8| 2, 445 
2 per cent, -|18. 9/15. 7/69. 4/57. 8) 2, 450 
3 per cent, .|14. 3/16. 8]67. 6|57. 9} 2, 400 
5 per cent... . 14. 6/20. 2/63. 3/57. 9} 2, 350 
10 per cent..-.....-. 16. 2/20. 5}61. 5/57. 8) 2, 240 
Clean wheat (checlkx).. -|11. 4/15. 5/71. 3/58. 0) 2, 450 
Wheat with hairy 
vetch: 
1 per cent-_-- 14, 1/14. 4/69. 7|57.9) 2,115 
2 per cent 13. 2/12. 9)71. 2}57. 8) 2, 015 
3 per cent 12. 8/14. 6/71. 2|58. 2} 1, 940 
5 per cent__. 12. 7\14. 3/70. 7/58. 8) 1, 835 
10 per cent.....-... 13. 4/15. 0/70. 2)56. 3) 1, 605 


1Fairly elastic, irritating to hands. 
2Sticky and ‘‘ runny ;”’ very irritating to hands. 
3Pairly elastic; odor and flavor of vetch, 


Quantity 
of wheat 
Score. | required Remarks concerning— 
per barrel 
of flour. 
oN 2) a 
Reo .o! o ie) 
Esiski ag | 4 Crumb. Dough. 
OHIDE = is) 
Hoe; A iam 
94) 96 4 34| Creamy ---.---- : 
94) 95] 4| 401. --do...... |e ste: 
93] 94 4 35) Creamy gray -- 
91) 93 4 37| Slightly gray .. 
90| 92 4 A0|(Grayeoaceseeee Fairly elastic. 
90} 92 4 40)...-. Wows ad 
94) 97, 4 33] Creamy ......- Elastic. 
93] 95 4 40) Creamy gray .. F ne 
90 90 A 41| Gray....-..-.. |\Pairly elastic. 
86) 87 4 38] Very gray...-- (1). 
95| 96) 4 39) Creamy -..---- Elastic. 
80} 82) 4 40) Very gray...--- (2). 
50} 70 4 43]... -. Gas seneresine)s 
94) 96 4 34li@renmyneeeeee 
93] 88 4 39] Very gray-.---- Elastic. 
92) 83 4 42)..... doze eee 
89) 79 4 OU) Eee Ome 
s a 2 i Det coh e \Pairly elastic 
95} 96 4 35| Creamy.....-- Elastic 
88} 92 4 5 | ee (6 (oho eee 3) 
3| 90 4 35| Yellow..--..-- 3). 
78| 85) 4 Billece oo Old) ne ecessel! (Oe 
69| 79 4 37| Very yellow... (®) 
63} 68 4 BOI aisyvers dor uke 


4Slightly sticky and ‘‘runny;’”’ odor and flavor of vetch. 
5Sticky and ‘‘runny;’’ odor and flavor of vetch. 
6 Short ae sé runny;”? strong odor and flavor of vetch. 


A study of Table IV brings out the detrimental effects which the 
added impurities had on the milling and baking qualities of the wheat. 


For convenience of discussion 


the factors of importance from the 


commercial standpoint may be grouped under two headings, viz, 
milling quality and baking quality. 


MILLING QUALITY. 


The amount of flour which can be obtained from a bushel of wheat 
is of prime importance to the miller, since it is the most valuable mill 
product. Therefore, any impurity that reduces the yield of flour 
obtained in milling wheat, or that lowers the quality of the flour, has 


a direct bearing on the wiline 
sideration in sqidlne wheat. 


value and should receive careful con- 
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The admixture of kinghead seed in wheat greatly reduced the yield 
of flour, the reduction being especially evident with an increased 
amount of this impurity, while the addition of different percentages 
of rye, corn cockle, and hairy-vetch seed did not so materially reduce 
the anvount of flour obtained. 


BAKING QUALITY. 


One of the prime requisites of flour is that it have good baking 
qualities, that is, produce a large loaf having good texture and color 
of crumb, and in addition have the power of absorbing and retaining a 
large amount of water. Housewives demand a flour having a white 
or creamy color. Any factor, therefore, which in any way injures the 
baking qualities of flour, such as reducing the size of the loaf or low- 
ering the color or texture of the bread, should necessarily be consid- 
ered in placing a valuation on flour an consequently on the Brade of 
wheat from which the flour was milled. 


EFFECTS OF IMPURITIES IN WHEAT ON QUALITIES OF FLOUR AND BREAD. 


The presence of rye in wheat has a detrimental effect on the loaf 
volume, and when more than 3 per cent of this ingredient is added the 
color and texture of the bread will be noticeably injured. The effects 
_ of the addition of such impurities as corn cockle, kinghead, or vetch to 
wheat are much more detrimental in character than where rye is 
added, as shown in the greater reduction in the size of loaf and the 
decidedly lower scores given the color and texture of the bread. 

With an increased percentage of corn cockle there was a very decided 
reduction in the loaf volume, with a consequent injurious effect on the 
texture. In mixing the dough an irritation of the skin of the hands 
was noticed with the flour milled from wheat containing 3 per cent 
of corn cockle, with a decided increase in the amount of the irritation 
when a larger amount of corn cockle was added. 

The amount of water absorbed was also considerably less in the 
tests with flour from wheat containing more than 3 per cent of corn 
cockle than in the check test with pure wheat flour. When more than 
3 per cent of either corn cockle or vetch seed was added to the wheat 
and made into flour, the dough was ‘‘runny” and sticky. In the tests 
with 3 per cent and 5 per cent admixtures of hairy vetch, there was 
an apparent increase in the percentage of water absorption as com- 
pared with the check sample. However, the remarks concerning 
the effect on the dough in this connection indicate that an excessive 
amount of water had been added to the flour, resulting in a “runny” 
and sticky’dough. A smaller amount of water was added to the flour 
from the 10 per cent mixture of vetch in an attempt to improve the 
consistency of the dough, but even then it was short and somewhat 
“runny.” Astrong and disagreeable odor and flavor of vetch was very 
noticeable in the bread made from flour of hairy-vetch mixtures. 
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In these tests with the different impurities described there seemed 
to be a very close relation between the effects produced on the loaf 
volume and on the texture of the crumb. Where the volume was 
greatly decreased, as shown in the results of the tests with corn cockle, 
a compact loaf of bread with very small pores was obtained, while in 
the tests with kinghead and rye the pores were much larger and very 
irregular in shape. Evidently the strength of the gluten was greatly 
injured by the presence of flour from these various impurities, espe- 
cially when added in considerable quantities, and corn cockle in large 
amounts seemed to destroy practically all fermentation. 

Figures 5 and 6 graphically illustrate the injurious effects of rye, 
hairy vetch, kinghead, and corn cockle, on the milling and baking 
qualities of straight flour made from wheat containing these impu- 
rities. The results of the milling and baking tests in this connection 
are given in Table IV, and the discussion of these results is given on 
page 11. 

Plate I is .a reproduction of photographs of bread baked from flour 
obtained in milling samples of wheat which contained different per- 
centages of rye, corn cockle, kinghead, and hairy vetch showing the 
detrimental effects of these impurities upon the baking qualities of 
flour. 

TESTS WITH A 10 PER CENT ADMIXTURE OF EACH IMPURITY. 


MILLING TESTS. 


Table V gives the results of milling tests with samples of wheat 
containing 10 per cent admixtures of rye, corn cockle, kinghead, and 
hairy-vetch seed. These samples were milled into three grades of 
flour—patent, first clear, and second clear. The addition of 10 per 
cent of kinghead resulted in a great reduction in the yield of total 
flour, while there was scarcely any difference in the flour yields ob- 
tained from the admixtures of rye and corn cockle compared with the 
check sample of clean wheat. In this experiment but one milling test 
was made with each admixture and with the clean wheat. In the 
test with the 10 per cent admixture of hairy vetch, where three 
erades of flour were made, there was an apparent increase of 1 per cent 
of total flour over that of the check sample. Previous tests with 
hairy vetch indicated that this impurity had little, if any, effect on the 
flour yield, and the result of this one test with a 10 per cent admixture 
of hairy vetch would be within the limits of variation, especially since 
in several tests with check samples of this lot of wheat, milled as 
straight flour in connection with other tests made in 1913, there was 
a range of 1.5 per cent in the flour yields obtained, the maximum 
yield being 71 per cent, 

With the exception of the test with rye, the amount of patent flour 
obtained from the samples containing impurities was noticeably less 
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than in the check test with clean wheat, and the percentage of the 
lower grades of flours was correspondingly increased. This fact is of 
great importance in placing a valuation on wheat which contains any 
considerable amount of these objectionable impurities, for a reduction 
in the,yield of high-grade flour that can be obtained is a financial loss 
to the miller, and the grade of such wheat should be lowered according 
to the percentage of admixture of the impurity. 


AMOUNT OF FFE MIXEOQ WITH WHEAT —PER CENT 
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Fic. 5.—Diagram showing the results of the milling and baking tests of straight flour milled from wheat 
containing various percentages of rye and hairy vetch. 


Taste V.—WMilling tests of clean wheat and of wheat containing 10 per cent admixtures 
of rye, corn cockle, kinghead, and hairy vetch, milled into three grades of flour. 


Quantity of 
Mois- Total flour made. Se aen ¢ 
Pare ture 
Description of _ | Total flour. 
sample. ae Bran. | Shorts. | 4 ie. 
jpering Pat- | First | Second|Bush- 
ent. | clear.| clear. | els. SOHDGS: 
SERGE \\de HA Tenens \\le (Gis\) 2 Gell 12 (gill | IP, Oi, 
Clean wheat (check)! 14.9 | 14.7 13.5 | 69.5 | 76.5 | 19.5 4.0 4 42 
With 10 per cent— : 
RVC Baris oes Sie 14.6 | 14.6 13.8 | 69.3 | 77.2 | 18.2 4.6 4 43 
Corn cockle... 14.5 | 14.3 15.2 | 69.2 | 74.1 | 21.8 4.1 4 43 
Kinghead.‘....] 14.9 | 18.9 20.3 | 60.4 | 71.2 | 24.3 4.5 5 24 
Hairy vetch....| 15.0] 13.7 13.3 | 70.5 | 74.8 | 22.4 2.8 4 38 
a Most evident in second clear. 2 Very injurious to all grades. 


Color effects on 
flour. 


White. 


Slightly gray.1 
Bluish tint and 
black specks.? 
Gray .3 i 

Yellow.? 


3 Injury evident in all grades. 
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BAKING TESTS. 


Table VI gives the results of baking tests with flour milled from sam- 
ples of wheat containing 10 per cent admixtures of rye, corn cockle, 
kinghead, and hairy vetch. These results are interesting, especially 
when correlated with the milling results given in Table V. The 
greatest injury of rye is seen in its effects in the second-clear 
flour, where the scores for the color and texture of the crumb were 
materially lowered. More second-clear flour was obtained from the 
test with rye than from the tests with any of the other impurities. 


YIELOQ OF STRAIGHT FLOUR -PER CENT ; YFIELO OF STRAIGHT FLOUR-FPER CENT 


AMOUNT OF AINGHERO NUXKED 'WITH MWWHEAT — PER CENT 
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Fic. 6.—Diagram showing the results of the milling and baking tests of straight flour milled from wheat 
containing various percentages of kinghead and corn cockle. 


Corn cockle was well distributed in all three grades of flour, as shown 
by the exceedingly detrimental effects for all factors given. 

Even though the amount of kinghead in each grade of flour was 
small, the injurious character of this impurity was especially notice- 
able in the color of the crumb and the texture of the loaf. 

That the flour from hairy-vetch seed was well distributed in all 
three grades of flour is evidenced by the deleterious effects on volume, 
color, and texture of the loaf. As in the tests where the one grade, 
straight flour, was made, rye seemed to have a less injurious effect on 
the baking sels in ieee tests with three grades of flour than did 
corn cockle, kinghead, and vetch. 
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TaBLe VI.—Baking tests with patent, first-clear, and second-clear flour, milled from 
clean wheat and from wheat containing 10 per cent admixtures of rye, corn cockle, king- 
head, and hairy vetch. 


Score. Remarks. 
Water 
Description of sample. | absorp- Peue 
/ tion. - Color of |Texture Cai Doush 
crumb. | of loaf. 2: DEE 
PATENT FLOUR. 
PACE Gx: B 
Clean wheat (check)-.-..-. 62.4 | 2,670 95 94 | Creamy gray...- 
With 10 per cent— 
Wece. ce se se hioce See aes 59.7 | 2,485 95 95 | Creamy .....-..- 
Corn) coche» 2\2- 22222 58.5 | 1,200 86 55 | Grayereeeesesees Q@). 
enh ead a cise2e-se ane 62.4 | 2,705 53 84 | Dirty gray ..---- Slightly ‘“‘runny.’’ 
Hairy veteh:. 2225-52. 60.9 | 1,720 72 74 | Very yellow...-- (2). 
FIRST-CLEAR FLOUR. 
Clean wheat (check).--..-- 61.5 | 2,180 86 85... Graysesaee eee 
With 10 per cent— 
Ryes. 23228 2 eee 59.4 | 2,177 78 85 | Dirty gray. .---- 
Corn. cockless-s2-eeee2 55. 6 900 66 Ue eese Gosereiroses Q). 
Keanehead 2223-255 62.1] 2,250 50 S5ile-cee d0sceeaeceat Run y;.77 
Hairy vech 2 eee 62.1] 1,590 55 70 | Dark yellow..... (3). 
SECOND-CLEAR FLOUR. 
Clean wheat (check).....-- 62.4 | 1,882 83 88 || Grays == 
With 10 per cent— 
Rye:.: {eee Gie2 I ae385 58 70 | Dirty gray..---- 
Corn cockie2- === 55. 3 810 45 50s Blackaeetesse= Qa 
Kanphead essere 62.6 | 2,020 50 80 | Dirty gray -.---- “Runny.” 
Hairy vetch....-.----- 61.8 | 1,420 50 60 | Dirty yellow -.--] (4). 


1 Sticky and “‘runny’’; irritating to hands. 
2 Short and slightly ‘‘runny’’; strong odor of vetch. 
3 Short and slightly ‘‘runny’’; very strong vetch odor. 
4 Short and “‘runny’’; very strong vetch odor. 
The comparative results of the baking tests of patent, first-clear, 
and second-clear flour milled from wheat samples contaming 10 per 


cent admixtures of rye, corn cockle, kinghead, and hairy vetch, as 


ale LIFPST CLES SECOND CLEAF 


ASESOPPTION OF WATER —PEF CENT 
CHECK 
RrEe 
COCHLE 
FOUINGHEAO 
AAUP ETOH 
FOLUME OF LOAF— CC 
CHEECH 2E70 2/ao 
ere = 2ses5 2177 
COCKLE 12909 300 . 
PUNGHEAD 2 2705 2250 
HIAUFRIRK ET CM A 1722 4590 
TEATURE OF LOAF—SCORE 
CEO ee] es SSS ee OF. 
PPre ss os = To 
COCALE Ss . sO so 
HINGHEAQ ea es oo 


MAF VETCH 7s zo eo 


COLOF OF SREAO— SCORE ~ 


CHEECH jJss ese oe |) 
Are = as 7 se 
Cocrie A ee ee as 
FUNGHEAD 4 so . so 
HAIFEY VETCH re ss So 


Fic. 7.—Diagram showing the results of baking tests with patent, first-clear, and second-clear flour milled 
from wheat containing 10 per cent admixtures of rye, corn cockle, kinghead, and hairy vetch. ~ 


given in Table VI, are shown diagrammatically in figure 7. The 
presence of corn cockle in flour very perceptibly lessens the percentage 
of water that will be absorbed, and both corn cockle and hairy vetch 
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Fig. 1.—Loaves from clean wheat (a) and from wheat containing admixtures of rye: b, 1 per 
cent; ¢c, 2 per cent; d, 3 per cent; €, 5 per cent; /, 10 per cent. 


Fie. 2.—Loaves from clean wheat (a) and from wheat containing admixtures of corn cockle: 
b, 1 per cent; ¢c, 2 per cent; d, 3 per cent; e, 5 per cent; /, 10 per cent. 


Fie. 3.—Loayves from clean wheat (a) and from wheat containing admixtures of kinghead seed: 
b, 1 per cent; c, 2 per cent; d, 3 per cent; e, 5 per cent; jf, 10 per cent. 


Fic. 4.—Loaves from clean wheat (a) and from wheat containing admixtures of hairy-vetch 
seed: b, 1 per cent; c, 2 per cent; d, 3 per cent; e, 5 per cent; jf, 10 per cent. 


Cross SECTIONS OF LOAVES OF BREAD OBTAINED IN CONNECTION WITH THE MILLING AND 
BAKING TESTS WITH SAMPLES OF WHEAT CONTAINING VARIOUS PERCENTAGES OF RYE, 
CORN COCKLE, KINGHEAD, AND HAIRY VETCH. THE RESULTS OF THESE TESTS ARE 
GIVEN IN TABLE IV. 
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Fic. 1.—Effects of 10 per cent admixture of rye in wheat: a, Patent flour (check); b, patent flour 
(10 per cent rye); ¢, first-clear flour (check); d, first-clear flour (10 per cent rye); e, second- 
clear flour (check); 7, second-clear flour (10 per cent rye). 


Fic. 2.Effects of 10 per cent admixture of corn cockle in wheat: a, Patent flour (check); 6, 
patent flour (10 per cent corn cockle); ¢, first-clear flour (check); d, first-clear flour (10 per 
cent corn cockle); e, second-clear flour (check); 7, second-clear flour (10 per cent corn cockle). 


Fic. 3.—Effects of 10 per cent admixture of kinghead seed in wheat: a, Patent flour (check); 
b, patent flour (10 per cent kinghead seed); ¢, first-clear flour (check); d, first-clear flour (10 
per cout dinghend seed); e, second-clear flour (check); f, second-clear flour (10 per cent king- 

ead seed). 


Fic. 4.—Effects of 10 per cent admixture of hairy-vetch seed in wheat: a, Patent flour (check); 
b, patent flour (10 per cent hairy-vetch seed); ¢c, first-clear flour (check); d, first-clear flour 
(10 per cent hairy-vetch seed); e, second-clear flour (check); 7, second-clear flour (10 per cent 
hairy-vetch seed). a“ 


Cross SECTIONS OF LOAVES OF BREAD OBTAINED IN CONNECTION WITH THE BAKING 
TESTS WITH PATENT, FIRST-CLEAR, AND SECOND-CLEAR FLOUR, MILLED FROM WHEAT 
CONTAINING 10 PER CENT ADMIXTURES OF RYE, CORN COCKLE, KINGHEAD, AND HAIRY - 
VETCH. THE RESULTS OF THESE TESTS ARE GIVEN IN TABLE VI. 


MILLING AND BAKING TESTS OF WHEAT. U7 


have an especially injurious effect on the loaf volume and texture. 
The color of the crumb of bread from flour that is milled from wheat 
containing large amounts of corn cockle, kinghead, and vetch is prac- 
tically destroyed. 

The mformation given in Table VI and graphically shown in detail 
in figure 7 is summarized in figure 8. The factors taken into con- 
sideration in making up this illustration are the percentage of absorp- 
tion of water, volume of loaf, and texture and color of loaf for patent, 
first-clear, and second-clear flour milled from samples of wheat con- 
taining 10 per cent. admixtures of rye, kinghead, hairy vetch, and 
corn cockle. 

The total scores given the loaves of bread from the samples con- 
taming admixtures of impurities are graphically compared with the 
scores given the check sample of clean wheat, which is used as the 
standard for comparison, with a 
rating or score of 100. 

In this figure the impurities are 
arranged in the order of their 
detrimental influence on the bak- 
ing qualities, beginning with rye, 
which, as a whole, had the least in- 
jurious effects. Corn cockle is thus 
shown to be a much more objec- 
tionable impurity than any of the 
others used in the tests, the score Fie. 8.—Diagram comparing the summarized 
in every instance falling far below _ toafscores, showing the detrimental effects of 
that of any of the other impurities. 10 per cent admixtures of rye, kinghead, hairy 


: vetch, and corn cockle in wheat on the baking 
Plate IT is a reproduction of qualities of patent, first-clear, and second-clear 


hotographs of bread baked from flour. Comparison is made with the check test 
P Brap with clean wheat. 

patent, first-clear, and second-clear 

flour obtained in milling wheat samples contaiming 10 per cent 
admixtures of rye, corn cockle, kinghead, and hairy vetch, and it 
illustrates the deleterious effects which these impurities have on the 
baking quality of flour. 


PATENT FLOUP 


CHE CAH 
Pre 
4FOUNGHEPWQ 
. | PAPER VETCH 
. COCALE 


CHECH 
Pre 
MINGHERO 
MAP VET CH 
COCKLE 


CHEECH 
Fre 
PUINGHEAD 
MAUFRY- VET CH 
COCALE 


TESTS WITH FLOUR BLENDS. 


Tests were made with blends of wheat flour and definitely known 
percentages of flour from rye, corn cockle, kinghead, and hairy-vetch 
seed, for additional study of the effects of these impurities on the baking 
qualities. The flour used in these tests was obtained in milling each 
of the ingredients represented in Table III. The results of the baking 
tests with blends of wheat flour with each of these impurities are 
given in Table VII. A blend of 0.5 per cent was in every instance 
injurious, the detrimental effects bemg most apparent in the color of 
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the bread, and with but 1.5 per cent blends the deleterious effects on 
the color and texture of the bread are especially noticeable. 

Blends of rye and corn-cockle flour give a grayish tinge to .the 
crumb, while the addition of kinghead flour results in a loaf with a 
dirty logking crumb. Hairy-vetch blends give to the bread a yellowish 
color and a strong and disagreeable flavor and odor characteristic of 
vetch. 


Taste VII.—Baking tests with wheat flour blended with different percentages of flour 
made from rye, corn cockle, kinghead, and hairy vetch. 


Score. 
Water 
Bie Remarks 
Sample description (flour blends). absorp- 5 
tion. | Texture | Color. | C#¢erming crumb. 
of loaf. | of crumb. 
Per cent. ‘ 

Wiheatifloun (Checks) heen se ses Cee eee ee eee eee 5Sn2 93 95 | Creamy. 
Wheat flour with rye flour: 

ONSET CON ts see jane cere eee eee nee Creer eeere 58. 2 90 92 | Creamy gray. 

0.75 per cent.....-..-.-.--=- Soo anen seeconeosasuee 58. 2 89 91 Do. 

1.0 perCenteswaaccccieeee-eeeee see Nee eee eee 58. 2 88 89 Do. 

1.5 per CentssVAsase epee ees lee ay eerste se 57.1 86 85 | Do. 
Wheat flour (Check) 222 sene ee ree eae eee ae 57.9 94 95 | Creamy. 
Wheat flour with corn-cockle flour: 

Ossipericent 2.5. sesso see eee eee 57.6 93 89 | Creamy gray 

O.7osper CeNteesct actioned eeemse cee shee ce meoee es 57.9 91 88 D 

1.0 per cent.-.--..- Tas 57.9 91 87 Do 

l5pericent=seeeee 57.9 | 89 85 Do 
‘Wheat flour (check). 57.9 95 95 | Creamy 
Wheat flour with kinghead flour: 

OD Noe Gomes sosecedssoneese oseeudesoueneseoase 57.6 91 86 | Dirty gray. 

0:75 PERCENT os oot pe seaeeeeeeebeGae = eee saan ee 57.6 90 80 Do. 

L.Oiper:cent.225atecc sae aaa eas ose eels 57.9 89 75 very dirty gray. 

: LS pericent.3- Jesse esa See eas oe ee aacsen 57.4 84 60 
Wheat tlour:(check) 222 7252 hate ae eee eee 57.9 92 95 eda! 
Wheat flour with hairy-vetch flour: 

0:5: per cents s.2~ niis ie See ne eee ss 57.4 91 92 | Creamy yellow. 

OMS per Cent... . 6 ssco5s eerste eee eee eee eres 57.9 90 | 91 | Yellow. 

Oper Cent 22.25.9524 see ee Cee eee eee eee 57.6 89 90 : Do. 

A Sper Cents eee aes ae EO oe eee ae oeaoee 57.6 86 87 Do. 


TESTS WITH WHEAT CONTAINING KINGHEAD SEED. 


Table VIII gives a comparison of the results of millmg and baking 
tests of samples of wheat containing kinghead seed, as delivered at a 
country elevator, with the results of tests of samples of the same 
wheat from sivin the kinghead was removed by hand picking. In 
these tests two samples of spring wheat, one a variety known as Blue- 
stem, with 3.6 per cent of kinghead, and the other a bearded spring 
wheat known as Velvet Chaff, contaming 4.5 per cent of kinghead 
seed, were each divided into two portions. One part was then milled 
with the kinghead, while from the other part the kmghead seed was 
removed by hand picking and the clean wheat milled. The detri- 
mental effects of the presence of this impurity in wheat are seen in 
the reduced flour yield, a smaller loaf volume, and a considerably 
poorer crumb texture, while the color score of the loaf is as low as 
that given bread made from low-grade flour, since the crumb was 
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dark gray in color. As shown in figure 9, b, the pores of the loaf are 
large and very irregular in shape in the bread made from wheat con- 
taining 4.5 per cent of kinghead seed when milled. 


Tasie VIII.— Milling and baking tests with samples of wheat before and after the king- 
head seed was removed. 


Score. 
Water 
wea Flour Volume }————————__|_ Remarks con- 
Description of sample. yield. abs. of loaf. | mexture | Color cerning crumb. 
of loaf. | ofcrumb. 
| — _ $$$ 
Bluestem wheat: Per cent. | Per cent. C.c. 
With 3.6 per cent of kinghead.| . 70.8 62. 4 2, 365 80 60 | Dirty gray. 
Free from kinghead.........-- 72.6 62.6 2,395 84 86 | Gray. 
Velvet Chaff wheat: ; ; 
With 4.5 per cent of kinghead . 70. 7 61.2 2,215 75 50 | Dirty gray. 
Free from kinghead.....--....- 71.0 61.2 2,325 90 93 | Creamy gray. 


TESTS WITH WHEAT CONTAINING WILD-VETCH SEED, AS GROWN. 


Table IX gives the results of milling and baking tests of two 
samples of spring wheat obtained by the writer from farmers’ gran- 
aries. Each sample contained a large amount of wild-vetch seed 
and represented the 
crops as grown. ‘Two 
kinds, or species, of 
wild-vetch ‘seed were 
found in these sam- 
ples. The bulk of the 
seed was  narrow- 
leaved vetch (Vicia 
angustifolia), and the 
remainder was the 
hairy-pod vetch (Vicia 


hirsuta) c Fic. 9.—Loaves of hread made from wheat free from kinghead seed (a) 
IE omp aris on is and from wheat containing 4.5 per cent of kinghead seed (b). 


given of the results of tests of wheat containing wild-vetch seed, 
with the results of tests of the same lot of wheat from which the 
vetch seed was removed by hand picking. One of the samples 
contained 17.7 per cent and the other 10.3 per cent of wild-vetch 
seed after bemg cleaned and scoured with the mill machinery. 
The fact that the mill cleaners failed to remove the vetch seed 
shows that this is practically an inseparable impurity. In fact, 
_ the grain buyer for the mill in the locality where this wheat was 
grown refused to purchase this wheat, which contained such a large 
amount of wild-vetch seed, claiming that it could not be removed 
from the grain and that it would be a risky undertaking to make 
flour from such wheat. 

After these samples were cleaned as well as was possible with the 
small milling separator and scoured twice with the scourer of the 
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North Dakota Agricultural College mill, they were sonGnealy Peal 
and divided into two portions. One part contaming the wild-vetch 
seed was then milled, while from the other part the wild-vetch seed 
was removed by fod picking and the clean wheat thus obtained was 
milled. 

The detrimental effects of the presence of wild-vetch seed in wheat 
as milled are very apparent for all factors given in the tabulation. 
The injurious effects are noticeably greater in the test with the sample 
of wheat containing 17.7 per cent of this impurity than in the test 
with wheat in which there was 10.3 per cent of wild-vetch seed. 


Fic. 10.—Loaves of bread from wheat before and after wild-vetch seed was removed: a, With 17.7 per 
_ cent vetch seed; 0, after vetch seed was removed: c, with 10.3 per cent vetch seed; d, after vetch 
- seed was removed. ; 


TasLe [X.— Milling and baking tests with samples of spring wheat before and after the 
wild-vetch seed was removed. 


Score. | = 
Description of sample Flour Ries Volume as saree tl Remarks concern- 
ipie: yield. aor ofloaf. | pexture | Color of ing crumb. 
ofloaf. | crumb. 
Spring wheat: Per cent. | Per cent. CoG: 

With an per cent of wild 66.8 53. 2 1,765 70 60 | Yellowish gray. 
vetch. 

Free from wild vetch......- 68.4 58. 2 2,500 95 97 | Creamy. 

With He per cent of wild 66.5). 544 2,050 80 75 | Yellowish gray. 
vetch. 

Free from wild vetch..._.__. 67.6 58.5 2,475 97 98 | Creamy. 


Figure 10 is a reproduction of a photograph of the loaves of bread 
baked from flour milled from samples of wheat contaiming wild-vetch 
seed. The results of the tests in this connection are given in Table IX. 


ANALYSES OF WHEAT, OF THE IMPURITIES, AND OF FLOUR CONTAINING 
ADMIXTURES. 


Samples of patent, first-clear, and second-clear flour obtained in 
milling samples of wheat containing 10 per cent admixtures of rye, corn 
cockle, kinghead, and hairy vetch were submitted to the Bureau of 
Chemistry of the United States Department of Agriculture for chem- 
ical analyses, and the results obtained are given in Table X. A study 
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of this table brings out the followmg points: (1) The percentage of 
ash is greater in every instance in the flour containing the impurities 
than in the pure wheat flour. (2) The percentage of ether extract (fat) 
of corn cockle and kinghead seed is higher than that of wheat and is 
likewise greater in all three grades of flour containing these impurities 
than in the flour from clean wheat. (3) The percentage of protein in 
the poorer grades of flour (first and second clear) is relatively higher 
in the flour containing impurities than in the flour from clean wheat, 
with the exception of the first-clear flour from the 10 per cent rye 
mixture. (4) The percentage of crude fiber is considerably greater in 
the first-clear and second-clear flours from the admixture of corn cockle, 
kinghead, and hairy vetch than in the same grade of flour from pure 
wheat. (5) The acidity of the first-clear and second-clear flour from 
corn-cockle seed and vetch-seed mixtures is noticeably higher than that. 
of the same grades of flour from the check sample of clean wheat. 

The results of the chemical analyses indicate that the flour from the 
different impurities was distributed to some extent in all three grades 
of flour, a larger proportion in most instances going into the first-clear 
and second-clear flours. 


TaBLE X.—Chemical analyses of wheat, rye, corn cockle, kinghead, and hairy vetch and 
of patent, first-clear, and second-clear flour milled from samples cf wheat containing 10: 
per cent admixtures of these four impurities. 


[Moisture and undetermined, including nitrogen-free extract, not given. 1] 


Air-dry samples (per cent). 


Description of sample. saa 
Ash Hier Pro- | Crude | Pento-| Invert] Su- Poleity, 
le rarets tein. | fiber. | sans. | sugar. | crose. acetic: 
\IICAL oc cae tees SORE Ae a Eee ae 1.74 1.91 15. 44 2. 62 7.10 0.14 1.88 0. 25. 
EVV Cet Peete aes seeheecacetence. 1.97 1.55 | 12.19 2.38 | 10.02 -13 2. 69 -27 
Chiyiti GOON Onaga ooesete sence bene seCane 3.40} 6.01] 15.44 6. 49 6. 02 32 1.58 - 25 
Kinghead sic CODD EES OOS EOC SEE Be aC See 2.99 3.33 | 11.25) 44.88] 18.97 14 - 60 -73 
EVaiayay OUCH ee ae case cci le camel clea tio 2. 84 -83 | 28.56 7.18 6.15 - 02 1.55 - 87 
PATENT WHEAT FLOUR. 
Wheat (check).-....- 2 hy a) Oe oe Oe ee 50 1.16 | 12.88 15 2.99 .18 1.12 12 
Wheat with 10 per cent— 
JSNiOac came HOACe Oo Oso Le ae eee ee mee 58 1.19 | 12.48 17 3.31 25 1.21 712 
GConmcocidlesser tr. nes: ees soee = ote) 1.40] 12.48 Sle 3. 67 -22 1. 26 11 
ISTE 6 oe ee ee S10) || GO| SAB EGH! 217 | 3.35 -30| 1.17 ll 
EU AInVaVeLChe ~c cee onsite sc chee eee - 76 1.25 | 14.88 25 3.75 - 20 1.37 720 
FIRST-CLEAR WHEAT FLOUR. 
Wheat (Check )rerss.6-scsse cesses esses .72 1.60} 13.91 21 3. 25 - 20 1.45 16 
Wheat with 10 per cent— 
TE hs Get A cpt At eg a “Th 1. 54 13. 28 - 20 3.87 -21 1.57 ail 
COMMICOCKIOS aoe 85-8 eae ib aac sare - 92 2.32 | 14.25 Pet 3.12 -36 1. 46 «20: 
MIP HOA Cs sco dates el ae cee oe 19 2.13 14. 48 - 26 5. 82 -30 1.44 -1T 
EEA IVaaV OL Cha se = Po) se ete Nac Same 91 1.62 | 14.94 -36 4.31 - 26 1. 65 +33. 
SECOND-CLEAR WHEAT FLOUR. 
* 
Wine ti(checls) i Sab Ae so took e - - 80 1.86 | 13.91 . 23 3.07 vp 1. 65 -18 
Wheat with 10 per cent— 
IMA Obs o ace b Ono Seen OLS Soon eae ee 95 1.98 | 14.48 24 3. 86 25 2.55 . 22 
Cormicockle ee sere nce cccee tec cee 1. 20 3.06 | 16.02 -41 4.10 -38 1.97 -34 
[Komen dias seamateree nes 2S. oe oe - 92 2.87 | 14.88 - 43 3.45 34 1. 62 -19 
Eainypvetchtesen sees cion oe ose eee 1.12 2.09 | 16.65 - 53 3.49 -23 2.00 ~39 


1 Chemical analyses by Dr. J. A. Le Clerc, Chief ofthe Plant-Chemistry Laboratory, Bureau of Chemistry. 


22 BULLETIN 328, U. S. DEPARTMENT OF AGRICULTURE. 


SPECIAL CLEANING DEVICES. 


SPIRAL CLEANER FOR REMOVING ROUND SEEDS FROM GRAIN. 


Machines especially devised for removing round seeds from grain 
and screenings are advertised in various grain papers and catalogues - 
of firms manufacturing grain-cleaning machiner¥. One machine used 
to separate vetch from wheat or rye consists of an upright spiral 
tube divided into several sections. The grain containing vetch is 
fed into the top and follows its course down the spiral steel tubes. 
The round seed travels more rapidly and finally gets into the outer 
tube or section, while irregularly shaped seeds and lighter matter 
move less rapidly and are discharged from the openings of the tubes 
nearer the center. Such machines require very little space, no power — 
(being operated by gravity), and scarcely any watching. The 
capacity of these machines for cleaning grain thoroughly is very 
small, as only a few bushels per hour can be cleaned. . They are very 
useful in separating vetch from rye or wheat where clean grain is 

desired for seeding purposes, but they have insufficient capacity for 
use in grain elevators or flour mills. 


THE COCKLE CYLINDER. 


_ In addition to the grain cleaners usually found in mills for pre- 

‘paring wheat for grinding, specially constructed machines known as 
-cockle cylinders are frequently installed for the purpose of removing 
from the grain corn-cockle seed and other foreign matter and seeds 
of similar size and shape. 

Although these machines are comparatively imexpensive, a con- 
siderable quantity of wheat consisting of broken, small, and shriveled’ 
kernels is taken out in removing the corn cockle. This increases the 
mechanical loss that results from cleaning grain, and a portion of 
the corn-cockle seed is left in wheat after being cleaned with the 
cockle cylinder. 


MECHANICAL ANALYSES OF CORN-COCKLE SCREENINGS. 


Table XI gives the mechanical analyses of four samples of corn- 
cockle screenings secured from country mills. Sample No. 73719 
represents screenings removed in cleaning wheat with the cockle 
cylinder. Half a pound of screenings was obtained from each bushel 
of wheat cleaned. Analysis of this sample showed that but 1.3 per 
cent was corn cockle and 93.6 per cent was wheat. In the other 
three samples a relatively small percentage of the screenings con- 
sisted of corn cockle, while a high percentage was wheat. Sample 
No. 80994 represents corn-cockle screenings removed by-the cleaning ~ 
machinery in general use in country ntills, and the other three samples 
are screenings removed from wheat with cockle cylinders. Such 
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screenings are not an entire loss to the miller, since he can often sell 
them at a fair price for chicken or stock feeding. Corn-cockle screen- 
ings are sometimes discriminated against, since it is known that corn- 
cockle seed contains a poisonous substance known as saponin, or 
sapotoxin, which is said to have caused trouble in instances where 
screenings containing a considerable quantity of cockle have been 
fed to chickens and other animals. Feeding tests have been made 
by different experimenters with varying results. Some found that 
young animals were more susceptible and more seriously affected 
than mature ones, while other experimenters fed varying amounts 
of corn-cockle seed to different kinds of animals with no apparent 
symptoms of poisoning. Further experimentation along this line is 
necessary before any definite conclusions can be drawn concerning 
the amount of corn-cockle seed that may be fed to different classes 
of animals before ill effects are produced. 


TaBLe XI.— Mechanical analyses of samples of corn-cockle screenings. 


_ Constituents (per cent). 


Foreign matter. 5 
5 
Other grains. Weed seeds, etc. 3 
Labora- 2 
tory No. 8, ae 
© p So 
q : S =e 
A 5 a © oO 3 
59 S & a : S od q 
8 3 of a 3 4 ra D 
: 3 5 KS) 2 ay g cs) 5 ee 
b © 3 Ss} a x iS) ~ © wales 
2 i mJ || ast |) ae Ss | ag = es a | $s 
ta 4 a o A Co) o d cS ® 
BR ive hoyle 4) aS eR le elena Neel AS ib Ea Ere alline 
3, 1 Ey a SPA esi electability |i bade l tae (imtosig | =n le 
66634... oH Dy eedee eels ot || 255) |) al) ©) 2.0} 2.0} 0 0 15.0 | 24.0] 76.0 
73590..-| 1 T. -4/) 17. 0 1T. | 20.0 12) 2.4 1.6 -8|. 0 0 20.4 | 46.8} 53.2 
73719... 4 4a ee |, iO] 160 -3 -4; 1.0 ONO 0 1.3] 6.4] 93.6 
80994...] 0 0 2 0 0 0 0 0 1.2) 2.6] 11.5] 15.5] 84.5 


1 T.=trace, the amount found being less than 0.1 per cent. 
SUMMARY. 


Wheat as grown and as marketed frequently contains certain im- 
purities such as rye, kinghead (great ragweed seed), corn-cockle seed, 
and wild-vetch seed. 

_ Grain men and millers consider these impurities as inseparable, as 
they are not easily removed from wheat with the cleaning ma- 
chinery in general use in grain elevators and flour mills. It is claimed 
that the presence of these so-called inseparable impurities in wheat 
as milled injuriously affects the baking qualities of the flour. For 
this reason wheat containing an appreciable amount of any of these 
impurities is penalized either by lowering the grade or by reducing 
the price. 
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Special experiments were made to ascertain what effects the 
presence of rye, kinghead, corn cockle, or wild-vetch seed in wheat 
has on milling and baking qualities. 

A sufficient amount of wheat of one variety was purchased to “ae 
all the milling tests for each year, in order to have a basis for com- 
parison of all tests with the impurities. Different percentages of each 
impurity were mixed with wheat samples, which were then milled 
and baking tests made with the flour. 

The results of these tests show that the presence of more than 2 
per cent of any of these impurities in wheat as milled has detrimental 
effects on the milling and baking qualities. 

The deleterious effects of rye in wheat are less pronounced than . 
those of corn cockle, kinghead, or vetch seed. If present in wheat 
in amounts as high as 2 per cent or more, rye lowers the quality of the 
bread. 

Corn cockle seems to have exceedingly injurious effects on the 
volume, color, and texture of the loaf, and when present in amounts 
of 3 per cent or more reduces the percentage of water absorption of 
the flour. . 

Kinghead in wheat in appreciable amounts materially lowers the 
_ flour yield, and the detrimental effects of this impurity in the flour 

are especially noticeable in the dirty color of the crumb and the 
- coarse, uneven texture of the bread baked from such flour. 

Vetch seed in wheat will reduce the size of the loaf and give to the 
bread a yellowish tinge and a disagreeable odor and flavor charac- 
teristic of vetch. 

Corn-cockle seed is a more objectionable impurity in wheat than 
rye, kinghead, or wild vetch, since it contains a poisonous element 
known as saponin, or Sap pot the presence of which is very unde- 
sirable in flour or bread. 
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INTRODUCTION. 


Certain species of the insects known as “buffalo gnats” are im- 
portant enemies of man and domestic animals in the United States 
as well as in other countries. Although the principal area of abund- 
ance in North America is in Canada and the Northern States, out- 
breaks of pests of this group occur as far south as Louisiana and 
Florida. While they are dependent upon running water for develop- 
ment, they make use of very small streams and, to some extent, of 
irrigation ditches, and are consequently found occasionally in con- 
siderable numbers in the drier parts of the country. 

About 20 years ago buffalo gnats attracted great attention along 
the lower Mississippi River. They frequently became so abundant 
that plantation operations were stopped on account of very painful 
attacks against live stock as well as human beings. These great 
outbreaks were due to conditions established by the overflow of the 
Mississippi River. The perfection of the levee system has changed 
these conditions so that the outbreaks are less frequent and of greatly 
reduced severity. Nevertheless, these insects are still abundant 
enough to be considered a pest in the Mississippi Valley as well as 
in many other portions of the South. 

The damage done by buffalo gnats results from their painful bites 
and the loss of blood which ensues. When they are abundant they 

1 Resigned Noy. 20, 1914. 


Noty.—This paper is of interest to persons living east of the Mississippi River. 
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sometimes cause the death of live stock. At the present time no cases 
of disease transmission can be attributed definitely to buffalo gnats, 
but there ‘is a possibility that future investigations will show some 
important connection with the transmission of diseases. 

All of these considerations make it advisable to place on record a 
considerable number of observations which will serve as a basis for 
the control of these insects wherever they occur. 

The major part of the biological experiments outlined in this paper 
were carried on at Spartanburg, S. C. The author wishes to ex- 
press his thanks to Mr. A. H. Jennings, under whose direction the 
work was done, to the Thompson-McFadden Pellagra Commission 
for many courtesies received, and to the directors of the Spartan- 
burg Hospital for the generous way in which they afforded labora- 
tory accommodations and facilities. 


THE ADULT STAGE. 


DESCRIPTION OF EXTERNAL ANATOMY. 


- The adults of the genus Simulium are usually very small, the 
largest known North American species (S. pictipes) not measuring 
more than 4 mm. in length. They are compact in shape, the head 
being decidedly small in proportion to the rest of the body, and the 
thorax greatly developed and curiously humped. In some species 
the thorax and abdomen are very pubescent, in others almost naked. 
In color the different species vary greatly, ranging from brilliant 
iridescent yellow and various shades of gray to almost black. 

The species of Simulium are holoptic in the male and dichoptic in 
the female. In the female the facets of the eyes have an equal grada- 
tion in size, diminishing somewhat toward the margin. In the male 
the facets suddenly decrease in size along a line extending on each 
side from the antennal socket around to the post-gene, giving the 
lower portion of the eye the. appearance of being divided off by a 
suture. In color the eyes are usually iridescent bronze in the female 
and deep iridescent red in the male. Ocelli are wanting in both sexes. 

The antenne are short, moniliform, and 11-segmented. In the 
species here dealt with the antenne of the female have the first seg- 
ment short and cup-shaped. The second is longer, the apical end 
bearing a chitinous ring which serves as the point of attachment for 
the third segment, which is nearly the same in length as the second, 
but pedicellate. The remaining segments are nonpedicellate, broadly 
joined. Segments 4, 5, 6, 7, 8, and 9 are subequal. The tenth seg- 
ment is slightly longer. The eleventh is the longest of the entire 
antenna, narrows to a point at the-apical end, and bears from two to 
three short, strong bristles. The first two segments are minutely 
pubescent, with a few strong bristles on the apical portion; the re- 
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maining segments are densely covered with minute pubescence inter- 
spersed thickly with stronger hairs. The antenne of the male are 
similar in structure to those of the female, except that they are 
more slender and have the third segment much 
longer, twice the length of any of the succeeding 
segments, and the tenth segment usually the same 
length as the one immediately preceding it. (Figs. 
1 and 2.) 

The mouth parts are modified in both sexes into 
a piercing beak, somewhat similar to that of the 
Tabanide. In the male the organs have become 
greatly reduced both in strength and armature, so 
that they are apparently unable to pierce the skin 
of vertebrates. 


DESCRIPTIONS OF INTERNAL ANATOMY. 


. 1.—Simulium 
DIGESTIVE SYSTEM. ag oe 


venustum. An- 

tenna of adult 

Pl. I, fig. 2. female. Greatly 

c 4 Me §0 : : larged. (Orig- 

The following is a description of the digestive  (myy" O™S 


organs of Simuliwm venustum. The diverticulum 
of the oesophagus, or sucking stomach (v e), which is sometimes 
described as the midintestine or stomach, and whose function seems 
to be primarily that of a reservoir for blood, is a large membranous 
bag capable of great distention. At its caudal end it narrows to the 
constriction known as the pyloric valve (jp). This 
is the place of attachment of the Malpighian tubes. 
The Malpighian tubes (m, m), which are greatly 
developed in this insect, are four in number and are 
constricted at intervals, with corresponding lobular 
enlargements. They extend from the base of the 
diverticulum to its cephalic end, turning again 
caudad, and ending, as far as can be ascertained, in 
a small blind nodule. They are opaque white in 
specimens which have not fed, or specimens dissected 
on emergence, but show remarkable changes in color 
at various periods after engorgement. Sometimes 


Fie. 2.—Simulium 


venustum. An- : : c 2 
eee oe aduies, Uoey. are pink, sometimes rather brownish, and in 
male. Greatly specimens which have engorged and lived for 40 


enlarged. (Orig- 
inal.) 


hours they become checkered brown with trans- 


parent intervals. 

The ileum (2), which is situated eo below the pyloric 
valve, is an elongate, rounded intestine, somewhat curved when in 
its natural position. The substance which it contains is invariably 
more solid than that found in the diverticulum, large granules being 
frequently present. 
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Toward its caudal end the ilewm narrows into what is probably the | 
colon (¢), which leads in turn directly into the sacklike rectum. 
This is round in shape, transparent, deeply striated, and capable of 
great contraction and distention. It contains six large oval glands 
(rg), which are somewhat similar to the rectal glands of Stomoxys 
calcitrans L. At its caudal end the rectum contracts into the 
external orifice, or anus (@). 


FEMALE REPRODUCTIVE ORGANS. 
eee 


The following is a description of the reproductive organs of the 
female of Stmulium venustum. ‘The two ovaries (lo, ro) are situ- 
ated laterad of the ileum (¢). They are small pear-shaped organs, 
transparent and composed of a thin outer membrane which forms a 
sack. The interior is filled in newly emerged adults with many 
small nuclear eggs. (PI. I, fig. 1.) Joining the ovaries to the diver- 
ticulum and the basal membrane of the outer skeleton of the abdo- 
men are large trachee, which branch many times, finally ending in 
thin threads. The caudal end of each ovary narrows into a tubular 
oviduct (od). The two oviducts join and form the cephalic end of 
the tubelike structure known as the utero-vagina (v). The utero- 
vagina and oviducts lie immediately above the lower end of the rec- 
tum. Leading from the cephalic end of the utero-vagina on the 
right side is a very narrow tube which terminates in a round, bulb- 
like structure, black in color, with a transparent membrane. This 
is the spermathecum (s), whose function is that of a reservoir for the 
spermatozoa injected by the male at the time of copulation. When 
an egg is deposited fertilization is effected as the egg passes the orifice 
in the spermathecum. 


DEVELOPMENT OF THE HGGS. 


The stages in the development of the eggs within the ovaries may 
be described at five different stages, as follows: 

First stage-—The eggs are round, very small, rather transparent, 
and are present in the ovary in large numbers. As a rule they are 
rather indistinct. (PI. I, fig. 1.) 

Second stage.—The eggs become denser and generally larger toward 
the oviduct, more irregular in shape with a tendency toward an oval 
form. As a rule they are still somewhat indistinct. (PI. I, fig. 2.) 

Third stage.—The eggs are of a perfect oval shape, dense as a rule, 
and of nearly equal development, those near the oviduct possibly 
larger. These latter have a tendency toward a slight bulge on one 
side. The shell has become somewhat denser in appearance, and the 
eggs on the whole are very distinct. (PI. I, fig. 3.) 
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DEVELOPMENT OF EGGS WITHIN THE OVARIES OF SIMULIUM VENUSTUM AFTER 
A BLOOD MEAL. 


Fie. 1.—Condition of ovaries corresponding to stage 1 (without feeding); la, single 
egg from same, larger scale. Fic. 2.—Condition of ovaries corresponding to stage 2 
(after blood meal); also internal anatomy of abdomen; ve, ventriculus or stomach; 
m, m, Malpighian tubes; jp, juncture of Malpighian tubes and location of pyloric 
valve; z, ileum; c, colon; rg, rectal glands; od, od, oviducts; a, anus; v, vagina; s, 
spermathecum; lo, left ovary; ro, right ovary; ¢, ¢, trachee. Fre. 3.—Condition of 
ovaries corresponding to stage 3 (after blood meal); 3a,single egg from same, larger 
scale. Fie. 4.—Condition of ovaries corresponding to stage 4 (after blood meal); 4a, 
single egg from same, largerscale. Frc. 5.—Condition of ovaries after oviposition; 
5a, large, fully'developed eggs left near oviducts; remainder of ovary corresponding 
to stage 1. Highly magnified. (Original.) 
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MALE GENITALIA OF SIMULIUM. 


Fic. 1.—Genitalia of male Simuliwm pictipes: c, c, Claspers; a, a, a, anal plates; am, am, 
arms; b,"b, basal pieces; st, st, styli; ad, adntiniculum. Fie. 2.—Genitalia of male 
Simulium venustum. FIG. 3.—Genitalia of male Simulium jenningsi. Fre. 4.—Geni- 
talia of male Simulium bracteatum. Frc. 5.—Genitalia of male Simuliwm vittatum. 


All greatly enlarged. (Original.) 


Fourth stage-——The eggs are fully as large as those newly laid on 
grass blades, of the same triangular form, very dense, the shell very 
strong, and not differing from eggs just laid, with the exception that 
occasionally they may be slightly smaller. (PI. I, fig. 4.) 

Fifth stage——One or two large eggs are usually left in the ovaries 
near the oviduct, and the rest of the ovary is entirely filled with the 
typical round eggs of the first stage. This stage is found after 
adults have finished ovipositing, and also in specimens taken actually 
engorging, concerning which more will be said later. (PI. I, fig. 5.) 
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THE GENITALIA OF THE MALE. 
Pl. II, figs. 1-5. 


The structure of the genitalia of the male shows remarkably con- 
stant specific characters. Their systematic value may be seen from 
the striking differences in the illustration. The determination of 
the species based on color alone is at best unsatisfactory owing to the 
amount of variation in individuals of the same species and fading 
of color in dry mounted specimens. The appearance of the structure 
of the genitalia does not change when the specimens are preserved in 
alcohol, and in dried specimens the original shape can be completely 
restored by the following method: 

The last segment of the abdomen of the male after being re- 
moved with sharp scalpel or needle is placed in 6 per cent potassium 
hydroxid (KOH) and left until the soft parts are removed, the 
chitinous portions remaining intact. The material is then washed 
with water, run through alcohol in the usual way up to 100 per 
cent, transferred to xylol, and mounted in balsam, so as to give a 
direct caudal view as shown in Plate II, figures 1-5. Some of the 
European species have been studied in regard to the genitalia of the 
males by Liindstrom, but nothing has been done so far on American 
species. 

The segments to which the organs of the genital armature are 
attached are collectively designated under the name hypopygium. 
The most prominent organs of the hypopygium are the two claspers 
(¢ e) and the basal pieces to which they are attached. The claspers — 
may be either large, fingerlike, as in S. venustum, or greatly reduced 
and somewhat hook shaped as in S. bracteatum.: They sometimes 
bear a spine at the distal end as in S. venustwm, a single chitinous 
fingerlike process as in S. bracteatum, or three or four such processes 
as in S. vittatum. The basal pieces (6, 6) to which the claspers are 
articulated are divided by a suture near the base. They are very 
large in S. bracteatum and are reduced in S. venustum. The relation 
between the size of the claspers and basal pieces seems to be very 
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constant. If the claspers are large the basal portion is much smaller 
in proportion, and vice versa. 

There are three chitinous plates (a, a, a,) which are situated toward 
the dorsal surface of the hypopygium and surround the anal orifice. 
The two lateral plates are generally armed with spines or stout hairs. 

Ventrad of the plates and extending laterad on each side are two 
narrow chitinous flanges (am, am) bearing mesally groups of strong 
spines, sometimes in a large number as in S. venustwm and some- 
times reduced to only two as in S. bracteatum. These structures 
have been termed by Liindstrom the “arms.” Ventrad of these 
spines and not easily distinguishable, extending inwardly, is a long, 
weak, chitinous piece, apparently the sheath of the penis. Ventrad 
and in front of this piece is a triangular troughlike sclerite called 
the adminiculum (ad), which is attached to two strong chitinous 
arms (st, st), termed by Liindstrom the stylus. 


HABITS OF THE ADULTS. 


COPULATION. 


The writer has found adults in copula flying near the stream from 
which they were emerging, but they at once separated on being dis- 
turbed. Dr. Sambon informed the writer that in Italy he has found 
the males resting on the reeds in swarms, apparently waiting for the 
females to emerge. 


DISPERSION. 


It has been stated by several writers that the females travel long 
distances in search of food, but whether they are prompted by a 
desire for blood or are involuntarily carried away by the wind is a 
matter difficult to determine. 

The writer has been severely bitten by the females of S. johannsent 
Malloch and S. forbesit Malloch in the sand-dune region of 
Havana, IIl., at a distance of 5 and even 6 miles from the only pos- 
sible breeding place, which was the Ulhnois River. The fact that 
the adults crossed a bare and sandy waste with little or no wind, and 
that no males were present, seems to indicate that their flight was 
voluntary. Riley says that they may be carried 30 or 40 miles. They 
are sometimes attracted to light, as the writer has found a few speci- 
mens flying around a lamp at night. 


FEEDING HABITS. 


The adult female flies of all the species discussed in this paper; 
with the single exception of S. pigtipes,’ have been frequently ob- 
served feeding on the blood of mammals and, so far as the writer 


1 One female of this species, fully engorged with blood, was taken from a mule’s ear by 
Mr. A. H. Jennings at Spartanburg, S. C., in 1912. 
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has observed, are limited to this diet. There are only two definite 
records to the writer’s knowledge of Simulium feeding upon any- 
thing other than the blood of mammals. One is by Hagen (1883), 
who states that he found Simulium attacking and feeding upon the 
chrysalids of a butterfly (Pieris) Neophasia menapia Felder. He 
does not, however, state the exact species which he found so doing, 
and remarks that it was similar to the New England “black fly.” 
The other record is by H. Pryer,' who states that in Japan he found 
Simulium attacking the larva of a sphingid, Smerinthus planus 
Walk., and also thet imago of Stawropus persimitis Butl. 
A Riidiled study was made by the writer in the region of Spartan- 
burg, S. C., of the feeding habits of Stmulium venustwm, which 
was found from early spring to late fall engorging within the ears of 
horses and mules. Though invariably present on these animals, they 
were seldom found on cattle or on man. The severity of the attacks 
of this species depend both upon the time of year and the time of 
day. It is generally believed that the worst attacks occur in early 
spring and in early fall, and the writer found adults more numerous 
during the first three weeks of September than they had been since 
the middle of June. They appear to be most active from 3 p. m. to 
almost dusk. They are rather easily disturbed while feeding, and 
unless much distended will struggle violently to disengage them- 
selves from the long hairs in the interior of the mules’ ears. It has 
been noticed repeatedly that even the well-engorged specimens will 
retract their beaks and successfully fly away and not fall to the 
ground and crawl away to die, as has heretofore been claimed by cer- 
tain writers. The fact that they are so easily disturbed and bite only 
under certain conditions probably accounts for the failure thus far 
of all efforts to get them to engorge while in captivity. While con- 
fined on the human body in a vial they make frantic efforts to escape 
and after 20 minutes become so exhausted as finally to remain on their 
backs with scarcely a sign of life. Whether the vial was covered to 
exclude the hght or not, these experiments were unsuccessful at any 
time of day, both with reared specimens and captured ones. When 
placed in jars containing cloth saturated with defibrinated cow’s 
blood a few took a small amount of blood into the crop, but there was 
no distension of the abdomen. 


OVIPOSITION. 


In the method of oviposition the different species of Simulium, 
whose life history has been studied in detail, show characteristic 
adaptations according to their habitat, and may be classified arbi- 
trarily into two distinct groups. Although this grouping applies 
clearly to conditions in South Carolina, it is possible that exceptions 
may be found in other regions. 


1 See Bibliography, p. 35. 
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GROUP 1. 


Group 1 contains species normally restricted to rivers which have 
rocky beds and such obstructions as bridge piles, piers, and, in time 
of floods, partly submerged trees. These species deposit their eggs 
at the level of the water, or just below, on any convenient surface, 
such as the bare portions of rocks, sunken posts, and collections of 
water-worn débris, always where the current is exceedingly swift. 
Eggs have never been found by the writer on any surface that was not 
smooth or that was at all covered by moss, alge, or other aquatic 
growths. Of the five species whose methods of oviposition are dis- 
cussed in this article, S. pictipes alone belongs in this group. The 
oviposition and early life history of this species were first described 
by Dr. W. S. Barnard in the American Entomologist in 1880. He 
states that the eggs are long ovoid in form, and gives a figure showing 
them deposited in a vertical position. He also states that the young 
larvee were issuing from the eggs deposited on the rocks above the 
water line and were passing down into the water to begin aquatic life. 
If this was the case, the eggs must have been moistened continually 
by the spray and not left in a dry state, as is implied, the reason for 
which surmise will be discussed at length farther on. 

The eggs of this species which were found by the writer seemed 
to have been deposited indiscriminately in a horizontal as well as in 
a vertical position. The angles appeared rather broadly rounded. 
(Pl. IIT, fig. 6.) Surrounded by a viscous substance known as the 
matrix, in which they are fairly evenly distributed, they are laid 
normally in masses on the smooth surface of the rocks just below the 
level of the water. The matrix is brownish yellow at first, after- 
wards turning brown. Usually several females will oviposit in the 
same spot, causing the layers to overlap. 


GROUP 2. 


Group 2 is made up of species which are peculiar to small streams 
with less force of current and with only submerged herbage or occa- 
sional small collections of sticks and stones to serve as a place for 
the attachment of the immature stages. As a general rule the situ- 
ation selected for oviposition is a grass blade bent at right angles and 
trailing just at the surface of the water and with its surface continu- 
ously moistened. 

S. vitiatum almost invariably oviposits on grass blades in small 
streams. The eggs adhere to the grass blades by a creamy viscous 
matrix entirely covering the eggs. This matrix turns yellowish 
brown on the second day and becomes gradually darker until the eggs 
hatch. The eggs are laid in a single layer; as a rule, very closely 
together. Several females often select the same situation and, as in 
the case of pictipes, the layers often overlap one another. 


TRANSFORMATIONS OF BUFFALO GNATS. 9 


At Dallas, Tex., in March, 1913, S. vittatwm was found by the 
writer ovipositing in considerable numbers on the small stones in 
the limestone bed of a small stream which was almost devoid of 
submerged herbage. The eggs were laid generally below or at the 
surface of the water. In a few instances they were found an inch 
or so above the water, but this was owing to a decrease in the amount 
of water, which varies considerably in this and the majority of 
streams in Texas. This species has been found by the writer on one 
occasion at Havana, III, ovipositing in large numbers on the bridge 
piles in the Illinois River. The eggs were deposited at or just below 
the level of the water, and as the river was falling at the time at the 
rate of an inch a day, the eggs underwent complete desiccation, and 
all were destroyed. The bridge piles were literally covered with the 
matrix and eggs, and many females, becoming entangled, died adher- 
ing to the viscous masses. This oviposition of this species in the 
main river seems to have been an abnormal occurrence, as the larvee 
have never been found in this situation. Another species, however, 
S. johannsent, according to the writer’s observations, breeds in 
enormous numbers in the main channel in the spring, around the 
submerged vegetation near the banks and wherever there is an 
obstruction. 

S. venustwm, in the regions studied, belongs entirely to group 2. 
The eggs are laid on submerged grass blades and the like in small 
streams, in situations similar to those selected by S. vittatum. The 
eggs are more evenly arranged than those of that species, the matrix 
is not smeared so profusely, and the egg mass is generally oblong 
in shape and very compact. This species has many times been ob- 
served ovipositing, and specimens which subsequently laid a full 
quota of eggs in captivity were taken from the stream as they 
alighted. 

The oviposition in captivity of S. venustwm was observed by the 
writer at Spartanburg, S. C., on September 16, 1913. A female 
S. venustum was noticed at 5.08 p. m. moving up and down a small 
stream within a space of about 4 feet, apparently seeking a suit- 
able place for oviposition. She would touch the water for an in- 
stant and then, apparently dissatisfied, fly up again. This peculiar 
interrupted flight was continued for a period of two minutes, after 
which she alighted on a grass blade which seemed to be satisfactory. 
Immediately a bottle was placed over her and she was at once taken 
to the laboratory. The stream from which the specimen was taken 
was situated 50 yards from the laboratory, and thus little time was 
lost in transit. The bottle in which the specimen was taken was 
partly wet inside. At 5.13 p. m., as soon as the bottle was placed on 
its side, she felt around for two minutes and then settled into posi- 
tion, rapidly thrust out the end of her abdomen, and deposited an 
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egg about every two seconds, as fast as she could extend and retract © 
her ovipositor. Ten eggs were laid in a sort of half circle and then 
the intervening space was filled up until each egg touched another. 
In addition a few were laid a short distance away and the intervening 
space filled up. Oviposition continued steadily until 5.20 p. m., 
when, she stopped, turned around, felt the mass with her feet, and 
commenced again. She stopped at 5.21 for 30 seconds and cleaned 
the end of her abdomen. Another lot of eggs was then laid a little 
farther off, in a long, irregular row, about five eggs wide. Oviposi- 
tion was finally ended at 5.27.30 p. m. 

She seemed always to feel for a suitable place before ovipositing. 
A dry spot was invariably rejected. One hundred and forty-five 
eggs were laid from 5.15 to 5.20, about 80 eggs from 5.20 to 5.21 (this 
seemed to be the maximum rate of oviposition), and about 117 from 
5.21 to 5.27.30. The total number of eggs laid was 349. As there 
were two interruptions, one at 5.20 for three seconds and one at 5.21 
for 30 seconds, the length of time spent in oviposition was 12 min- 
utes. The average rate at which the eggs were laid, therefore, was 
about one every two seconds. 

The abdomen was dissected, and only one developed egg was 
found. This was in the oviduct, showing that the oviposition was 
normal, as all developed eggs, with this exception, had been 
deposited. 

S. bracteatum seems to be entirely restricted to the smaller 
streams, and its method of oviposition is similar to that of S. venus- 
tum in all respects. It is of the same size as venustwm and deposits 
about the same number of eggs at one oviposition. 

S. jenningsi is so closely allied to S. venustwm that it is extremely 
difficult to distinguish the egg masses of the two species, the main 
points of difference being the smaller size of the S. jenningsi mass 
and the somewhat smaller number of eggs that are deposited. 

The time of day generally chosen for oviposition by these five 
species of Simulium is from about 4.30 p. m. to 5.30 p. m., or even 
until dusk. The weather conditions most favorable seem to be sun- 
shine and lack of wind. Females have been found ovipositing at a 
maximum water temperature of about 95° F. The earliest records 
of oviposition were made by the writer at Dallas, Tex. (latitude 32° 
4’ 8’’), on March 25, and the latest at Spartanburg, S. C. (latitude 
34° 50’”), on November 2. 

There have been various estimates given by authors, both in 
Europe and America, upon the number of eggs laid by Simulium: 
The number of eggs stated to have been laid, or probably laid at one 
oviposition by a single female, varies from 500 to 1,500. This latter 
figure, given for the European species S. reptans L. (S. columba- 
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schense Fab.), is probably erroneous, as the species is very like S. 
wvenustum in size and structure. It is the opinion of the writer, 
from many observations, that the largest possible number of eggs 
which are deposited at one time by a single female can not exceed 
500. 

The question whether eggs of Simulium can be subjected to desic- 
cation and then hatch after being immersed again in water is of 
interest, as it has been suggested that in the more or less torrential 
streams found in Texas and the Western States, which flow only a 
few months in the year, the eggs might remain in a dry condition 
during the summer and hatch in the fall or spring with the rising 
of the water. For this reason experiments have been made by the 
writer to ascertain whether Simulium eggs, after partial or complete 
desiccation, would hatch on being again placed in water, as is the 
case with some species of mosquitoes. These experiments all showed 
that at Spartanburg, S. C., the contents of freshly laid eggs became 
completely disintegrated after being thoroughly dried, and that when 
the eggs contained embryos, the latter became distorted on the second 
day after removal from the water, and though they were replaced 
in running water after that period the contents of all finally disinte- 
erated without a single egg hatching. 

When eggs are found at any distance above the water line, the 
writer believes investigation will show that a fall in the water level 
has occurred. The great outbreaks of Simulium in the large rivers 
during the early spring are due primarily to the fact that the rising 
water submerges the growth on the banks and that the water either 
rises or remains at the same level throughout that period, thus pre- 
venting desiccation of the eggs. 


THE EGG STAGE. 


The eggs of Simulium are usually rather triangular in shape, with 
the angles broadly rounded. (PI. III, figs. 1-5.) The egg of S. 
pictipes (P1. III, fig. 6), however, is more ovoid in shape than that of 
the four other species dealt with in this paper. The shell, which is 
very tough and apparently somewhat chitinous, withstands the action 
of the water for a considerable period without disintegrating, and 
has been found by the writer in a good state of preservation after 
six weeks in this element. 

The color of the egg when first laid (Pl. ITT, fig. i is opaque white, 
which changes to yellowish brown as the lemon of the embryo 
proceeds. The interior of the newly laid egg appears to be an even 
mass of yolk substance. When the egg contains a half-developed 
embryo the yolk substance seems to be consolidated into a central 
mass, indented at both extremities and surrounded by layers of 
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closely arranged cells (Pl. ITI, fig. 2). The interior of an egg con- 
taining an embryo three-fourths developed has a peculiar banded 
appearance (Pl. ITI, figs. 3, 4), but as the time of hatching ap- 
proaches the most noticeable features are the cephalic eye spots on 
the embryonic larva, which become more and more distinct. (PI. ITI, 
fig./5.) Detailed studies on the embryclogy of Simulium have been 
made by Mecznikow,’ Kolliker,t and Graber.t | 

The average period of incubation, from June to October, of the 
species studied by the writer at Spartanburg, S. C., was about 8.8 
days; the minimum period, 7 days; and the maxium, 12 days. The 
following table will show the normal variation in that region from 
June to October: 


Table showing period of incubation of eggs of Simulium.4 


N if shenbation. 
sie nae umber of days of incubation 
No Species. ovipo- | 
| SIMON. | al 21.34 45 6 | wel BM OuehiMinn taal 12 | 43 |) 14 
1) SS. venustim sss. see eeeee JUNE 12a al, Gal |) On| meee cea eC Gla | eet eek esres ese ee 
A See pret EE: Bee: June, ZL |, a, fab) Fay || Ge eC bl mCi ee | eek ees ee ee al 2a 
ala a |e bl erly Caen | cen Men ata esas err 
B | ideal SDA Del ACs tee ly RGN Titled |p ee el means See es 
a: ean a | a ome one tee (a ge aol al a 
A)|. $b3/E, Dale vee! (Gig Gh |nelne oes Ses |e eee ey 2 
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p¥a lapel oY (eal 0) MIC cr mueycye) ome OLh|Pol Pom & elec CO LS aI ob Ie a eee 
| De Di C86) archaeal | ee een meee eee pe | a 
FY Weal ove |e evel met chal ieareys fare fypeetaVel fe ee elive wcll) oles) eat ee 
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Ql, pA Tee Dy les Dpilig CHIP CAs Ge] ae yl aT ae eee eee een SS i 
FY Wala Oia st C1 a | FCO Ltda) Malad mal| allot ale ce [a alee Uke) lane 
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a Letters indicate stage of incubation, shown on Plate I, as follows: a, corresponds to fig: 1; b, corresponds 
to fig. 2; c, corresponds to figs. 3, 4; d, corresponds to fig. 5; h, date of hatching. 


The eggs seem to hatch equally well in either still or running water. 
The percentage of eggs that hatch is very high when they are placed 
so that the water reaches them, the average sterility of a series of 
lots kept under observation in normal conditions being from 4 to 5 
per cent. The approximate percentage of egg masses, however, that 
is deposited under such favorable conditions is certainly relatively 
small as compared with the total number deposited, and the location 
of the egg mass seems to be the dominant factor in determining the 
successful hatching of the larva and the consequent abundance of 
the insect. 


THE LARVAL STAGE. < 


The larve of the known species of Simulium, as will be discussed 
at length farther on, are invariably aquatic in their habits and re- 


1 See Bibliography, p. 35, 
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EaG@s AND LARVA OF SIMULIUM. 


Fic. 1.—Egg of Simulium venustum, freshly laid. (After Mecznicow.) Fie. 2.—Egg of Simu- 
lium venustum, second to fourth day. (After Mecznicow.) Fic. 3.—Egg of Simulium venus- 
tum, fourth to sixth day, showing ‘‘banded appearance.” (After Mecznicow.) Fie. 4.— 
Same, dorsal view. (After Kolliker.) Fic. 5.—Egg of Simuliwm venustum, just before 
hatching, showing larva in a free condition within the shell. (Original.) F1c.6.—Egg of 
Simulium pictipes. (Original.) Fre. '7.—Laryva of Simulium bracteatwm, showing histoblasts 
of pupal filaments, A, A. All greatly enlarged. (Original.) 
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HEADS AND RECTAL GILLS OF SIMULIUM LARVA. 


Fic. 1.—Head of larva of Simuliwm pictipes. Fic. 2.—Head of larva of Simulium vittatum. 
Fic. 3.—Head of larva of Simulium jenningsi. Fic. 4.—Head of larva of Simuliwm venus- 
tum. Fic. &—Rectal gills of larva of Simuliwm jenningsi, typical form. Fic. 6.—Rectal 
gills of larva of Simulium vittatwm, variety with small lobes at base. Fic. 7.—Rectal 
gills of larva of Simuliwm bracteatum, typical form. Fie. 8.—Rectal gills of larva of 
Simulium pictipes, typical form. Fic. 9.—Rectal gills of larva of Simuliwm venustum, 
typical form. All greatly enlarged. (Original.) 
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quire swiftly flowing water for their development. The full-grown 
larva of the largest species, according to Johannsen, measures not 
more than 15 mm. in length. The American species 
known to the writer measure from 12 mm. (S. pic- 
tipes) to 3.5 mm. (S. jenningsi). The larve are 
generally subcylindrical, somewhat attenuated at the 
middle, and with a gradual dilation toward the anal 
extremity. In addition to the head there are 12 
rather indistinct body segments. 

In the larval stage the shape and number of the 
branches of the rectal gills seem to be good sys- 
tematic characters, not differing essentially among 
individuals of the same species. If the number and 
length of the an- 
tennal joints, the 
teeth in. the 
mentum, and the 
character of the =| 
dorsal markings Fic. 3.—Simulium 
of the head are bracteatum. 

Antenna of 
alsoused,thede-  jarva. Greatly 
termination; of cnlarged. (Orig- 

inal.) 
half-grown 
Fic. 4.—Simulium bracteatum. Labial plate of larvae! is possible. The larvee 
larva. Greatly enlarged. Original.) in their last stage can be corre- 
lated positively with their re- 
spective pup by the dissection and study of the pupal filaments, 
which become fully developed under the larval skin. 

As the larve of S. bracteatum and 8. jenningsi have not been pre- 
viously described, the follow- 
ing descriptions are given. 


DESCRIPTION OF LARVA OF SIMULIUM 
BRACTEATUM. 


The full-grown larva is from 6 
to 6.5 mm. in length. The general 
color varies from light yellowish- : 
brown to grayish, with conspicuous Sane a: Toe 
brownish markings on the ventral fone dalle of 6 
SOLS ein perenne (ies) 2he Fie. 5.—Simulium venustum. Labial plate of 
slender, 4-segmented;* the second larva. Greatly enlarged. (Original.) 
segment one and one-half times as 
long as the first; the third segment as long as the first; the fourth a short 
conical process; the general color pale hyaline; the first segment infuscate. 

The labial plate (fig. 4) is more strongly serrate than that of S. venustum 
(fig. 5): the apical margin rather convex; the middle tooth and each corner 
tooth very large. There are from four to five long bristles near the lateral mar- 
gin on each side. 


‘1The writer differs from other writers in regard to the segmentation of the antenne. 
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The head (Pl. III, fig. 7) is light brownish-yellow in color, heavily marked 


with brown on the lateral margins. 


The dorsal markings of the head are ar- 


ranged in the form of a long central irregular blotch, with 


& - two adjacent blotches extending diago- 
S nally on either side. 

S The mandibles are similar to those of 
iS S. venustum (fig. 12), but darker in color. 
S The maxille are infuscate and very hairy ; 
S the proximal portion of the maxillary 
S palpus is dark brown, with a few sparse 


hairs; the distal end transparent, bearing 
a few conical processes. 

The rectal gills (Pl. IV, fig. 7) are 
simple, three branched, somewhat pointed 
toward the distal end, and are curved 
backward cephalically when extended. 

The caudal sucker bears from 60 to 70 
rows of spines or hooks (fig. 6). 


The larve were taken by the writer from several 
streams in the vicinity of Spartanburg, S. C., from 
June to October, 1913. They were separated from 
the larve of other species by the number of the 
branches of the pupal filaments (formed under- 


Fic. 6.—Simulium 
bracteatumn. 
Row of spines 

caudal 

sucker of larva. 

Greatly en- 

larged. (Orig- 

inal.) 


Fig, 7.—Simulium 


JEnningsi. 
Antenna of 
larya. Greatly 
enlarged. (Orig- 
inal.) 


neath the larval skin) and determined from adults reared from 


them and compared with the type. 


Fic. 8.—Simulium 


venustum. <An- 
tenna of larva. 
Greatly en- 
larged. (Orig: 
inal. ) 


DESCRIPTION OF THE LARVA OF SIMULIUM JENNINGSI. 


The larva of Simuliwm jenningsi is much smaller than 
that of S. venustum and measures from 3.5 to 4.5 mm. in 
length. The general color is light brownish yellow. The 
head is of a uniform yellow with dark-brown blotches of 
characteristic arrangement on its dorsal surface (PI. IV, 
fig. 3), thus differing from venustum (Pl. IV, fig. 4), which 
usually has the pigment in these cells lacking. The an- 
tenne (fig. 7) are slender and 4-segmented, the last seg- 
ment being a short conical process; the first three seg- 
ments are subequal in this 
species, while the antennze 
of venustum (fig. 8) have 
the second segment longer 
than the first. The labial 
plate (fig. 9) is broader 
than that of venustum 
(fig. 5) the teeth more 
even and equal in size, the 
middle tooth not very 
prominent, and there are 
apparently only two large 
and one small bristle along 


ae 


Fic. 9.—Simulium jenningsi. La- ~ 
bial plate of larva. Greatly en- 
larged. (Original.) 


each margin, while venustum has four to five large bristles on each side. 
The mandibles are of the usual type, but rather weak and the teeth some- 


what pale. 


! 


TRANSFORMATIONS OF BUFFALO GNATS, 


15 


The rectal gills (Pl. IV, fig. 5) are three-branched, each lateral branch bear- 
ing six lobes and the middle branch five, as a rule. This is a smaller number 


of lobes than is found in venustum (Pl. IV, fig. 9), which 
has seven or eight on each lateral branch. 

The caudal sucker bears from 70 to 75 rows of hooks, 

The larvee were taken by the writer from a fair- 
sized stream near Spartanburg, S. C., in August, 
1913, and were separated from the larve of other 
species by the number of branches of the pupal 
filaments (formed underneath the Jarval skin) and 
determined from adults reared from them and com- 


pared with the type. 
EXTERNAL AND INTERNAL STRUCTURES OF THE LARV. 


The head is more or less quadrangular in shape 
and very chitinous. The eyes have become reduced 
to mere pigment cells, in the shape of two irregular 
black blotches, situated on each side of the head. 

In addition to the usual mouth parts, the head 
bears a pair of peculiar fan-like organs, situated 
one on each side at the anterior end. The rays or 


Fie. 11.—Simulium 
vittatum. An- 
tenna of larva. 
Greatly en- 
larged. (Orig- 
inal.) 


cilia of the fans are attached at Fic. 10.—Simulium 
pictipes. An- 
the base each by a strong peduncle jenna of larva. 


and range in number from 30 to Greatly en- 
60 according te the species. On ja, 
the inner margin of these cilia are 

fringes of short hairs interspersed with minute 
teeth. As the number of cilia varies in individuals 
of the same species, they are not very reliable 
specific characters. The fans, acting as strainers, 
catch the microorganisms on which the larvee feed 
and sweep them into the mouth. 

The antenne (figs. 3, 7, 8, 10, 11) are situated at 
the sides of the head, on the dorsal surface toward 
the cephalic end, just below the base of the fans. 
They are slender, and in the species examined, 
naked. Johannsen says “The antenne are appar- 
ently jointed * * the first joint twice as 
long as the others taken together; the second, 
slender cylindric * * * the third joint a short 
pointed process at the apex of the second.” Mhiall 
says “Small three-jointed antenne” and gives a 
figure in which the antennz have three long joints 


and lack the short pointed process forming the last joint. Of 
the five species dealt with in this paper, the larvae of Simuliwm 
venustum (fig. 8), S. pictipes (fig. 10), and S. bracteatum (fig. 3) 


16 BULLETIN 329, U. S. DEPARTMENT OF AGRICULTURE. 


have the antenne 4-jointed, the first long joint described by Johann- 
sen being divided by a very distinct suture. Though the first and 
second joints are very closely articulated and rigid, the constant 
occurrence of a distinct suture between them seems to indicate clearly 
the existence of two segments. The third segment is slender cylin- 
drical, and the fourth a short conical process. 

There are two conical processes situated at the apical end of the 
second segment, which seem to be sense organs. The antenne of S. 
vittatum (fig. 11) are 5-segmented, the second segment being again 
divided. ‘The sense organs are borne on the apical end of the third 
segment. In color the antenne vary with 
the species from yellowish hyaline to dark 
brown. 

The mandibles are situated just below 
the fans and move horizontally. With 
the exception of a slight difference in size, 
according to the species, there are no con- 
stant characters of real systematic value 
in the mandibles. 

The following is a deseription of the 
mandibles of S. venustum: 


The mandibles (fig. 12) are very chitinous, 
stout, somewhat elongate, with the outer lateral 
margin rounded. There are from two to four 
large teeth at the apex on the inner lateral 
margin, almost dense black in color. Situated 

vere nadie. of iaeeae immediately ons along the, WORE! Ee eue of 

tral view. Greatly enlargea. the largest tooth is a row of from six to eight 

(Original. ) smaller teeth of the same shape, but much 

lighter in color and gradually decreasing in size. 
Behind this row, on the ventral surface of the mandible, arising generally from 
the third or fourth tooth, is a second row of small, sharp-pointed teeth very pale 
in color, about 10 to 14 in number, which continues along the basal portion of 
the lateral margin of the largest apical tooth. Laterad of this second row of 
teeth, on the inner margin of the mandibles, there is a large wide-angled flat- 
tened tooth, very pale in color, followed by a smaller one of the same descrip- 
tion. Near the apex of the mandible, a short distance from the outer lateral 
margin of the ventral surface, are two large bristles arising from almost the 
same point. At the base of the large apical teeth, on the ventral surface, are 
two clumps of stout hairs. There is a fringe of long hairs on the dorsal sur- 
face of the mandible, which extends halfway down, commencing at the apex, 
where it almost obscures the apical teeth. Opposite the base of this fringe on 
‘the inner lateral margin of the mandible there is a fan of long hairs, and a 
fringe of very long hairs, which continues down to the base, gradually devel- _ 
oping into bristles explanate and divided at apex. 


Fig. 12.—Simulium venustum. 


The maxille are situated immediately ventrad and mesad of the 
mandibles. The maxillary palpus is short, cylindrical, and bears 
‘on its distal end several small cone-shaped protuberances similar to 
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‘ 


those borne on the third segment of the antenna. The lacinia bears 
mesad and cephalad fringes of long hairs and bristles. On its distal 
end there is a single spurlike process. 

The labrum is short, rounded, fringed with long hairs, and is situ- 
ated overhanging the hypopharynx. It is reinforced on its dorsal sur- 
face by a strong T-shaped 
sclerite. The apical mar- 
gin is sometimes serrate. 

The labium (figs. 4, 5, 
9, 13, 14), which almost 
covers the ventral surface 
of the hypopharynx, is 
composed of two or more 
broad chitinous united 
plates. It is immovable. 
The apical edge of the Fie. 13.—Simulium PARA Io Labial plate of larva. 

5 Greatly enlarged, (Original.) 
ventral plate is_ serrate. 
The lateral and apical margins of the dorsal plate are also serrate 
and the apical margin usually bears a very prominent central tooth. 
In some species the teeth are trifid, and in others simple. There 
is a row of from three to 10 long bristles near each lateral margin 
of the ventral plate. The number and shape of the teeth and the 
arrangement of the bristles are of systematic value in separating the 
different species, and Robaud and Malloch! consider these char- 
‘acters to be of possible 
generic value. There is 
a certain amount of in- 
dividual variation, but 
seemingly within’ defi- 
nite limitations. 

The dorsal portion of 
the head in most species 
has distinct markings 
of very characteristic 

= is ——— arrangement. (PI. IV, 

Fie. eee A puea ee of larva. figs. 1 4.) Though sub- 
ject to a certain amount 

of individual variation, they are of systematic value in separating 
the different species especially when combined with other more con- 
stant specific characters. These markings are formed by a collection 
of large cuticular cells which, in some species, such as 8. vittatum, are 
strongly pigmented, while in others, such as S. venustum, they are 
normally almost devoid of pigment, the surrounding area being dark. 


1+Malloch, J. R. American black flies or buffalo gnats. U. S. Dept. Agr. Bur. Ent, 
Tech. Ser. no. 26, 71 p. (p. 8), 6 pl., 1914. 
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The thoracic proleg of Simulium 
larvee consists of a single elongated, — 
truncate process, attached to the 
second thoracic segment and bear- 
ing concentric rows of minute 
hooks at its apical end, which is 
cup-shaped, and capable of muscu- 
lar contraction, thus forming a 
suckerlike organ, used by the larva 
as means of attaching itself. <A 
somewhat similar but very much 
larger suckerlike disk is situated at 
the caudal extremity of the larva. 
The rim is composed of rows of 
_strong chitinous hooks as in the 
proleg. The number of rows 
ranges in the different species from 
50 to 140, and the number of hooks 
in a row from 8 to 30. There is 
so much individual variation in the 
number of rows and the number of 
hooks in a row that they are not 
of much systematic value. The 
average number of rows in the 
caudal disks of five species is as 
follows: S. jenningsi, from 70 to 
75; S. venustum, from 55 to 65; S. 
bracteatum, from 60 to 70; S. vit- 
tatum, from 65 to 85; S. pictipes, 
from 130 to 140. S. pictipes has 
by far the greatest number of rows, 
very close together and from 25 to 
30 hooks in each row. It is the 
only one of these five species that 
can be positively determined on 
these characters alone. 


RESPIRATORY SYSTEM OF THE LARV~. 


The tracheal system of the larva 
(fig. 15) consists of two main lon- 
\ : gitudinal trunks, connected by 
zisti Sez, , . . 
y Mey ee cofamissures, which lead to the 
Fic. 15.—Simulium venustum. Tracheal spiracular chamber. Extending 
i system of larva: dc, dc, dc, Dorsal com- Fs 
missures; it, initial threads; sp(9), from the spiracular chambers are 
spiracular chambers; hg, hind gut; rg, thin chitinous rods (the mitial 


rectal gills. Greatly enlarged. (Orig- : 
inal.) threads), which lead to the oval 
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thickenings of the cuticle known as the spiracles. The spiracles do 
not seem to be functional as a means of respiration. 

Respiration apparently takes place by what are known as the 
rectal gills (Pl. I, fig. 2, 7g), which are extensions of the rectal wall 
and are formed of the same epithelial layer. These extensions are 
primarily 3-branched, and are either simple or bear numerous lobes. 
Minute tracheolz penetrate these gills, joining the main trunks at the 
base of the rectum. The gills are also filled with blood, are retractile 
into the rectum, but are usually extended in running water. Accord- 
ing to Headlee, they function both as blood gills and as tracheal gills, 
as the presence of blood in them is undoubted, and since the trachez 
in them are very minute. The tracheal system can be seen very dis- 
tinctly in living larve. Several larvee, still quite active, were placed 
in a shallow dish of water and examined under the binocular by the 
aid of strong sunlight against a black background. As the larve 
slowly died the trachez, owing to the air collected in them, showed 
a bright silvery appearance, so that even the very small ramifications 
and branches could be clearly distinguished. The larve seem to be 
in a comatose condition an hour or so before death, and the silvery 
appearance of the trachez remains for about three hours after death, 
so that there is a considerable period in which the trachee may be 
studied before the air is driven out. In larve preserved in alcohol or 
mounted in balsam the air, of course, is driven out of the trachee, 
which becomes almost transparent, so that it is very difficult to trace 
them in this condition. The trachez become greatly ramified toward 
the caudal end of the body and seem to penetrate the wall of the 
alimentary tract and to extend into the rectal gills. 

Larve have not been found to survive longer than forty-eight 
hours in still water, and on being transferred from flowing water will 
turn back constantly in an effort to clean the rectal gills with the 
mouth parts. Larve placed in still water and only barely covered 
will survive longer than those covered to a depth of 3 inches or more. 
That the lack of oxygen is responsible for the death of the larvze 
transferred from flowing to still water is further evidenced by the 
fact that the larve will survive longer in a tightly corked bottle at 
a temperature of 32° F. than at a temperature of 75° F., because the 
amount of oxygen that can be held in solution by the water varies 
inversely as the temperature. Larvee seem to thrive equally well in 
running water, whether the temperature is 32° or 75° F. Low tem- 
perature seems to retard but not to injure development, and a rising 
temperature up to 75° F. hastens development. 

The structure of the rectal gills and the number of lobes afford 
excellent systematic and specific characters, as may be seen from 
the accompanying figures (PI. IV, figs. 5-9). The variation in indi- 
viduals seems to be bounded by well-defined limitations. 
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LARVAL DEVELOPMENT. 


From 12 to 16 hours before hatching the young larve are in an ap- 
parently free condition within the shell. There is an almost con- 
tinual movement of the head, which is forced against the ectoderm 
by Sudden convulsive movements of the body. The shell suddenly 
splits and the larva at once emerges, literally tumbling out. The 
split reaches from the cephalic end of the egg to the middle, generally 
a little to the left. It is evident from the clear appearance of the 
alimentary tract of the newly emerged larva that the ectoderm is 
not eaten away at all. The larva at once clings to the nearest point 
of attachment by its thoracic proleg and waves its anal portion 
around several times, evidently to clear the rectal gills. It then 
attaches itself to the nearest object by the peculiar suckerlike organ 
on its anal extremity and thrusts out its gills at intervals of about 
15 seconds. It at once commences to feed on the matrix surround- 
ing the eggs and the adjacent microorganisms, using its thoracic 
proleg as a scoop, with a constant movement of this organ toward the 
mouth parts. In still water the fans are not used for sweeping in 
the food for some hours after the larve have hatched, but remain 
appressed to the sides of the head. 

The newly hatched larve of all the species described in this paper 
measure from two-thirds to three-fourths of a millimeter in length. 
The structure of the larve in the first instar, of the species examined 
by the writer, is fundamentally the same as in the last, with the 
exception that the head is larger in proportion to the rest of the body 
and the general appearance very transparent, due to the lack of pig- 
mentation and the empty condition of the alimentary tract. The 
black eye spots on the sides of the head are very prominent, and the 
dorsal markings of the head, though not so distinct as in later stages, 
are easily distinguishable. The silk glands are employed almost at 
once after hatching to form a silken thread, which is used to hold the 
larva in position in the current. The structure of the rectal gills 
seems to remain the same throughout larval development. 


LARVAL HABITS. 


MOLTING OF THE LARVA. 


According to Strickland? the larvz do not shed the entire skins 
but only the skeleton of the head. The writer has found that the 
entire skin is shed, as larve have been found which had partly cast 
off the entire skins, bearing the chitinous hooks of the caudal sucker, 
and which showed the caudal sucker again developed in the new 
larval skin. The entire skeleton of the head is cast off toward the 


1 Strickland, HE. H. Some parasites of Simulium larve and their effects on the develop- 
ment of the host. (In Biol. Bul., v. 21, no. 5, p. 302-838 (p. 303), 5 pl., Boston, 1911. 
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front at molting, and the remainder of the skin toward the caudal 
extremity, the trachez being withdrawn through the spiracular open- 
ings. The number of molts has not been determined. 


MIGRATORY HABITS AND LOCOMOTION OF THE LARVA, 


On being suddenly disturbed or on the diminishing of the current, 
the larve let themselves be carried down stream steadied by the silken 
thread previously described, which they have attached to some sta- 
tionary object, and seek a more favorable situation. In many in- 
stances the larve have been observed almost to regain their former 
position, by winding up the thread with the thoracic proleg and 
mouth parts, but as a rule they are unable to work against the current. 
The method of locomotion in still water is similar to that of geo- 
metrid larve. By looping the body, they bring the anal extremity 
forward beside the proleg, which is then released on the caudal sucker 
again obtaining a firm hold. 

“A heavy rain causing a sudden swiftening of the current will 
often entirely, change the distribution of the larve. This fact is of 
considerable economic importance, as it may account for the sudden 
appearance of Simulium in localities usually exempt. This was well 
illustrated in the following instance, observed by the writer at Spar- 
tanburg, S. C. A fair-sized stream had been free from larve for 
two months or more, when one of the tributaries near its source be- 
came heavily infested with young and half-grown larve. A heavy 
rain and consequent washout carried practically every larva from 
the tributary down the large stream for nearly a mile, where they be- 
came successfully established, causing a subsequent heavy infestation. 

‘Young larvee seem to migrate more readily than full-grown larve. 
Several experiments were tried in regard to this. A vessel containing 
larvee of all sizes was placed under a running faucet, causing the 
vessel to overflow. The full-grown larvee as a rule remained in the 
comparatively still water within the vessel, often spinning their 
cocoons and successfully pupating. The young and half-grown 
larvee seemed invariably to detach themselves and would be found 
within two hours gathered on the surface over which the water was 
flowing. 

At one time the attention of fish culturists was drawn to Simulium, 
as the larvee were stated to cause the death of young trout by en- 
tangling them in a silken web. This was disproved in the American 
Entomologist and Botanist, in 1870, by Mrs. Sarah J. McBride, who 
clearly demonstrated that the “death web of young trout” was a 
myth, and that the threads were not strong enough, or interwoven, 
so that fish could be entangled in them. 


1 See Bibliography, p. 35. 
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THE FOOD OF THE LARVA. 


The food of the larve is entirely microscopic. There are various 
accounts given on this subject by different authors, and they are 
somewhat divergent. Riley says that they feed on animalcules, but 
do not disregard microscopic matter of vegetable origin. He also © 
_ states,that larve kept in a jar were seen to swallow the minute larval 
forms of small crustaceans belonging to the Copepoda and Isopoda, 
and that a number of square diatoms, joined together in chains, were 
found in the alimentary tract. 

Miall says that he has found in the alimentary tract flmty valves 
of diatoms, desmids, and pieces of small crustaceans. 

Kellogg, in his article on the food of Simulium and Blepharocera, 
states that he found thousands of tiny siliceous shells of diatoms in 
the intestines. They caused considerable difficulty in the making of 
microscopical sections for histological study. He also states that the 
larvee feed on the stalked Gomphonema and occasionally on the 
genus Nitzschia. They are also stated to feed on Vaucheria and 
Nothrix. 

The writer has found that the color of the larva varies according 
to the nature of the stream, and that the larve seem to thrive best 
in streams containing the largest proportion of such organisms as 
| Luglena viridis and Spirogyra. Larve in running water were ob- 
served feeding in specially constructed glass tanks, and were seen 
to reject large Paramoecia and apparently anything except the 
smallest particles of the plankton. A striking fact seemed to be 
the effect of different foods upon the color of the larve. When the 
tank containing the food of the larve was filled only with water, 
decaying vegetable matter, and living grasses, the larve became 
emaciated and starved to death; but’ on the introduction of green 
alge and Spirogyra, they regained their vitality and the alimentary 
tract changed from a light brownish yellow to a bright green. Dis- 
sections of the alimentary tract showed normally a quantity of green 
rod-like alge, flinty shells of diatoms, and some minute star-shaped 
animalcule. The larva of Simuliwm pictipes, which lives in the 
larger streams, has the alimentary canal filled with a quantity of 
sand; and the color is always brown corresponding to the brown 
growths on the rocks. The streams in South Carolina, which were 
contaminated by chemical refuse from the cotton mills, were abso- 
lutely free from larvee, and this fact is of economic importance as it 
may be utilized further in the control of the larve. Pure animal 
sewage is not deleterious to the growth of the larve, provided the ~ 
other environmental factors are favorable. 
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THE PUPAL STAGE. 


METHODS OF PUPATION. 


The histoblasts of the pupal and adult organs are formed in 
Simulium larvee some considerable time before pupation takes place, — 
and can be discerned when the larve are half grown, shortly after 
the second molt. The pupal respiratory organs, composed of long 
tubelike filaments (Pl. V, fig. 1), can be seen underneath the larval 
skin, on the sides of the anterior portion of the thorax, lying coiled 
up and visible as rounded darkened areas which become almost black 
as the pupal stage approaches. (PI. ITI, fig. 7, A, A.) Shortly after 
the molt preceding pupation the chitinous hooks on the dorsal and 
ventral surfaces of the abdomen of the pupa become well developed 
underneath the larval skin. 

Before commencing to pupate the larva spins over itself a pocket- 
shaped pupal case, formed of the strong silken threads supplied by 
the salivary glands. The shape and texture of the pupal cases vary 
according to the species. Of the five species discussed in this paper, 
four have pupal cases of the shape that may be described as the 
“‘ wall-pocket” type, the texture finely spun, almost leathery in ap- 
pearance, the cases being spun as a rule well separated from one 
another, and the distal end wide and rather open. (PI. V, fig. 2.) 
S. pictipes is the exception, having the pupal case shaped after the 
fashion of a boot (Pl. V, fig. 5), the heel always pointing down- 
stream, the pupal cases often overlapping one another in a coral- 
like formation, the texture SDL spun, very tough, and the distal 
end narrow. 

Shortly before the larva has finished making the pupal case the 
air from the trachex, entering the extension leading from the base 
of the main trunk from which the branch filaments arise, slowly 
creeps along the entire length of the filaments. The skin splits along 
the dorsum of the thorax and the filaments are at once projected 
into the water. The skin behind the head is then worked off toward 
the caudal end of the larva and the old tracheze are withdrawn 
through the spiracular openings. The inner lining of the hind gut, 
together with the anal gills, which are formed of the same epithelial 
layer, is then cast out through the anal slit which is situated just 
above the X-shaped sclerites on the dorsal surface at the posterior 
end of the larva, and may be seen attached in the interior of the 
cast larval skin, which often remains for a while within the pupal 
case. The skeleton of the head of the larva is then pushed off down- 
ward to the front, the wall of the alimentary canal, about as far as 
the junction of the pharynx and the esophagus, coming away with it. 
The pupa seems to lock itself in the pupal case by means of the 
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strong hooks on the dorsal and ventral surfaces of the abdomen. 
These hooks are turned anteriorly on the dorsal surface on segments 
2, 8, and 4; posteriorly on the dorsal surface of segments 7, 8, and 9, 
and all hooks on the ventral surface are turned anteriorly. The 


whole operation of pupation and of spinning the pupal case takes 


from 4% minutes to 1 hour. 


GENERAL DESCRIPTION. 


The pupe of Simulium at first are generally golden yellow or light 
brown, the color and shape of the adult organs showing very clearly 
through the pupal skin as the time of emergence approaches. There 
are nine abdominal segments. On each side of the thorax are situ- 
ated the respiratory organs, composed of long chitinous tubes, aris- 
ing from a main stalk, tapering somewhat, and usually branching 
dichotomously toward, the distal end. The number of filaments, 
always. counting the branches of the distal ends, varies according to 
the species, from 4 to 60, and is an excellent systematic character, 
as it is very constant for each species. On the dorsal and ventral 
surfaces of the abdomen are situated rows of strong chitinous hooks. 


These seem to be of little use as distinguishing characters for the 
five species discussed in this paper, as they are approximately the 


same in number and have about the same position in each. The 
pup can be positively correlated with the adults by the dissection of 
mature male pupze and study of the genitalia. 

iThe pupe of S. bracteatum and S. jenningsi have not been pre- 
viously described, and the following descriptions are given: 


' DESCRIPTION OF PUPA OF SIMULIUM JENNINGSI. 


The pupa of S. jenningsi (PI. V, fig. 4) is not more than 2.5 mm. in length, 
and is golden yellow when first formed. 

(The respiratory filaments, which are situated at each side of the thorax near 
the head, are each composed of a single main trunk, which divides at base into 
the following branches:, Four single unbranched filaments and two long fila- 
ments, each of which divides again dichotomously, making eight branches in 
all, counting the distal ends of the branches. 

‘On the dorsal surface of the abdomen there is a row of very small hooks on 
each side of the second segment, and on the third and fourth segments rows of 
four. very large hooks on each side pointing cephalad. On the fifth segment 
there is a row of hooks pointing caudad, and on the ninth segment a row of 


minute hooks near the cephalic margin and a single large hook on each side 


at the middle of the segment. On the ventral surface of the abdomen there 
are two large hooks close together on the fifth segment, and two large hooks, 
rather far apart, on each of the sixth and seventh segments. The caudal end 
of the pupa is ‘cleft for a short distance in the middle. 


' The pup studied were reared from larve and determined from 
adults reared from them and compared with the type. 
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PUP OF SIMULIUM. 


Fic, 1.—Respiratory filaments of pupa of Simuliwm vittatum. Fie. 2.—Pupa of 
Simulium venustum, in pupal case. Fic. 3.—Pupa of Simuliwm bracteatum: A, 
side view of filaments. Fie. 4.—Pupa of Stmulium jenningsi. Fic. 5.—Pupa of 
Simulium pictipes, in pupal ease. All greatly enlarged. (Original.) 
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DESCRIPTION OF PUPA OF SIMULIUM BRACTEATUM. 


The pupa of S. bracteatum (PI. IV, fig. 3) measures about 4 mm. in length and 
is of a golden yellow color when first formed. 

The respiratory filaments are composed of a single main trunk on either 
side of the thorax, each of which divides in the following manner: Two long 
branches arise from the base of the main trunk, which again divides a short dis- 
tance farther up, making four long branches on each side, counting the 
branches at the distal ends. The hooks on the abdomen are arranged as usual. 


The pup were reared from larve and determined from adults 
reared from them and compared with the type. 


DURATION OF PUPAL STAGE. 


The duration of the pupal stage of S. venustwm, according to 
Mrs. Sarah J. McBride, at Mumford, N. Y., is three weeks. The 
maximum period in the pupal stage of the same species observed by 
the writer was nine days at Havana, IIl., late in the fall, the average 
temperature during that period being 36° F. 

The minimum period in the pupal stage of S. venustum was a little 
over 84 hours at Spartanburg, S. C., during the month of June, with 
a temperature from 70° to 90° F. The average length of the pupal 
period for the five species under consideration, during the summer, 
is from five to seven days. 

The general effect of low temperature seems to be to retard, and 
of rising temperature up to 90° F. to hasten the emergence of the 
adult from the pupa. The effect that low air temperature has on the 
pupa in retarding development is much less in proportion than the 
effect that a rising temperature between 60° and 80° F. has in 
hastening emergence. Though their structure is normally adapted 
for aquatic life, yet when they are exposed to the air, as sometimes 
happens when the water falls, they will often emerge even after 24 
hours spent out of water if the adult is sufficiently developed within 
the pupal skin. This was especially noticeable at Havana, IIl., in 
1912, when the river began to fall. 

The respiratory system of the pupa is a modification of the general 
tracheal system of thelarva. The rectal gills having been cast off, their 
function appears to be assumed by the tubelike filaments arising on each 
side of the thorax. There are two long main trunks extending down 
each side of the abdomen. These give off branch trachex, connected 
by commissures, which lead to the abdominal spiracular chambers, 
from which arise the initial threads leading to the spiracles. The 
spiracles are cuticular invaginations and become closed, according to 
Taylor,t on the withdrawal of the old trachez at the time of the 


1Taylor, T. H. On the tracheal system of Simulium. Jn Trans. Ent. Soc. London, f. 
1902, p. 701-716 (p. 703), 8 fig., 1902. 
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shedding of the larval skin. From the mesothoracic spiracular cham- 
ber extends a broad tracheal trunk leading to the base of the main 
trunk of the respiratory filaments, which do not contain trachez, but 
are hollow. According to Taylor, the air is not taken directly into 
the gill base from this hollow space, but is absorbed through the 
external chitinous fibrille and thence into the tracheal extension 
through a membrane. 


EMERGENCE FROM THE PUPAL STAGE. 


Four or five hours before emergence there is a very noticeable in- 
termittent movement of the adult within the pupal skin, which is 
gradually distended with air toward the anal extremity, the abdomi- 
nal trachexe being probably withdrawn through the spiracular open- 
ings. Coincident with this the anal portion of the adult is with- 
drawn from the pupal skin and a threadlike membrane, seemingly 
the lining of the hind intestine, may often be seen extending from 
the anus of the adult to the pupal skin, to which it remains attached 
after emergence. As the pupal skin is locked by the strong chitinous 
hooks to the pupal case, the adult exerts a strong pressure toward the 
cephalic end and the pupal skin splits along the dorsal portion of the 
thorax and head, forming a T-shaped aperture. The adult at once 
_ rises to the surface of the water surrounded by a bubble of air which 
has been collected in the distended pupal skin, and running along the 
surface of the water at once takes flight. The curious way in which 
the adult rises to the surface surrounded by a bubble was commented 
on by the earliest writers on the group, and in situations where the 
pupe are found in thousands, as in parts of Hungary, and along the 
Illinois and Mississippi Rivers in America, the water seems almost to 
boil as they emerge. | 


LIFE CYCLE AND NUMBER OF GENERATIONS. 


The number of generations varies according to the species and 
the latitude. In the Southern States the species seem to breed con- 
tinuously from about the middle of March until the approach of 
severe cold weather, generally about the end of November. The life 
cycle of one generation during the summer takes approximately four 
weeks; 7 days in the egg stage, 17 days as larve, and 4 days as pupe. 
The time from the egg to the adult stage varies according to the rise 
and fall of the temperature. There are probably from five to six 
generations annually in South Carolina of the species here dealt 
with, except S. pictipes, which normally has three generations. In 
Tllinois there are only three or four generations of S. venustwm 
annually. 


1 Loe. cit. 
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INSECT ENEMIES AND PARASITES. 


The larve of Simulium are often parasitized by nematode worms 
of the genus Mermis, specimens of which have been found by the 
writer measuring 12 mm. in length. These were found in larve of 
S. venustum, coiled around the intestines, and extended from near the 
caudal end to the thorax. The specimens that attained the greatest 
length were found singly, but. as many as four have been found in 
individual larve. According to Strickland (1911),1 the Mermis 
retard the development of the pupal and adult histoblasts, cause 
the death of the larve, and escape through punctures made in the 
epidermis. He also states that in the vicinity of Boston, Mass., 
Mermis was found parasitizing larve only during the spring, and 
that there is a seasonal variation of parasitism. The writer, while in 
South Carolina, found species of Mermis parasitizing larve from 
May until late in October, and these larve seemed to have developed 
the pupal histoblasts to a much greater extent than is estimated by 
Strickland. The larve are also heavily attacked by glugeid and 
gregarine species of Myxosporidia. 

The writer has found the larve being attacked by species of 
Hydropsyche in Illinois and South Carolina. Dr. Howard (1888)? 
also mentions this fact in his article on a species of Simulium at 
Tthaca, N. Y., and gives a fuller account in the Annual Report of the 
U. S. Commissioner of Agriculture for 1886, page 510. Species of 
minnows attack the larve frequently, and Riley? mentions that the 
small fishes of the family Cyprinide also feed on them. _ 

The pupz, so far as is known, are not parasitized by Mermis or 
Myxosporidia. The adults have been found by the writer at Spar- 
tanburg, S. C., to be frequently parasitized by nematode worms of 
the genus Mermis, which were usually found singly. In one in- 
stance three of the worms were found in a female S. venustum. 
The same number were found in a female of S. bracteatum. 'They 
were situated in the abdomen, coiled around the Malpighian tubes 
and intestines, and in some cases extended into the thoracic region. 
The vitality of these specimens infested by the Mermis seemed to be 
seriously affected, though they lived for some time, 31 hours being 
the minimum and 72 the maximum period. All of these specimens 
thus parasitized were reared from pup, with ‘the exception of one 
adult female of S. bracteatwm, which was taken flying around a lamp 
at night. No adults taken biting on animals were ever found to 
contain Mermis. 

1 See Bibliography, p. 35. 


2 Riley, C. V. Report of the Entomologist. In Rept. U. S. Comr. Agr. f. 1886, p. 459- 
592 (p. 510), 11 pl., 1886. 
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Georgewitch* describes a trypanosome, Crithidia simuliae, which 
he found in the stomachs of adult females taken biting cattle, etc. 
The locality in which the animals were attacked was a district in 
Servia, and the species S. reptans (=S. columbaschense). He did 
not, however, find any similar organism in the blood of the animals 
attacked, 

Riley? states that Lugger observed them being attacked by Asi- 
lide and Odonata. : 

Wise (1911)? reports that in British Guiana the adult females of 
Simulium are attacked by a voracious enemy in the nature of a black 
and white wasp (probably Monedula signata), which follows the 
aboriginal Indian to obtain the “ Pium” (Simulium). This wasp 
reduces the “ Pium” to unconsciousness, deposits eggs, and leaves the 
body to be fed upon by the resulting larvee. 


SIMULIUM AS A POSSIBLE CARRIER OF DISEASE. 


In 1874 J. P. Megnin* strongly advanced a theory that two species 

of Simulium in the Department of the Rhone, France, are the trans- 
mitting agents of virulent charbon. He also mentions Stomoxys 
and Haematobia in this connection, but places most emphasis on — 
Simulium, whose habits more closely conform to the outbreaks and 
distribution of the disease in that locality. He also states that, 
in his opinion, M. Tisserant, sent by the French Government to 
investigate the subject, proved that Simulium was the cause or 
the transmitting agent of the disease. In a later paper he reaffirms 
his statements and mentions that he has found a “ Psoriasis 
guttata” prevalent in the ears of horses, and believes it is due 
to the bites of Simulium. The writer has found a similar condition 
to be very common in the ears of horses, undoubtedly due to the bites 
of Simulium, in Illinois, South Carolina, and the vicinity of Wash- 
ington, D.C. As this condition may be of a purely secondary nature, 
and as apparently no experimental or careful analytical work has 
been done on the subject, all statements regarding the transmission 
of a disease of cattle by Simulium must be regarded as purely theo- 
retical. 

According to Riley and other authors, S. pecuarum Riley and S. 
meridionale Riley were supposed to carry cholera among chickens 
and hogs, but nothing definite was ascertained on this point. 


1 Georgewitch, Jivoin. Sur un Trypanosomide nouveau, Crithidia simuliae, n. sp. d’une 
Simulie (Simulium columbacensis) de la Serbie septentrionale. In Compt. Rend. Soc. 
Biol., t. 67, no. 31, p. 480-482, 1 fig., Nov. 12, 1909. 

“Op. Cit,, p. 510: 

3 See Bibliography, p. 35. 

4Du role des mouches dans la propagation du charbon et autres affections virulentes. 
In Jour. Med. Veter. Mil., t. 12, no. 8, p. 461-475, Paris, Jan., 1875. 


TRANSFORMATIONS OF BUFFALO GNATS. 29 


In 1905 Dr. Louis Sambon advanced the theory that pellagra might 
be transmitted by a blood-sucking fly of the genus Simulium. An 
accurate knowledge of the biology of the genus is very necessary in 
order to prove or disprove such a theory. It must be proved that 
Simulium not only bites in very large numbers, in order that a sufli- 
cient percentage of specimens will become infected which will live 
and become capable of transmitting pellagra, but it must also be 
proved that they will bite man after they have become infected, 
since hereditary transmission is probably entirely out of the question. 
Simulium exists in many places in large numbers, and if it should be 
proved that it normally requires a meal of the blood of vertebrates 
before it can fully develop the ovaries, then the chances that it may 
become infective are greatly increased. 

Evidence on these points may be obtained in the following three 
ways: 

(1) By rearing adult females from the immature stages, and then 
allowing them to engorge, oviposit, and reengorge. This method 
was tried a number of times, but with no success, for the fly will not 
readily engorge while in captivity, as was noted in the discussion of 
the feeding habits of the adult. 

(2) By the capture of adults actually feeding on mammals, and by 
inducing them to oviposit and then to reengorge. This method also 
was unsuccessful for the same reasons. 

(3) By dissections. If it could be proved that when a Simulium, 
which has once engorged on blood and oviposited, is still in a condi- 
tion favorable to a second oviposition—that is, if rudimentary eggs 
are present in the ovaries awaiting only a second blood meal for their 
successful development—then there would be a more definite basis 
for a theory of disease transmission as opposed to the theory of merely 
a close coincidence in the distribution of pellagra and Simulium. 
This is the method adopted by the writer and is the one discussed in 
the following pages. The experiments were concluded in Spartan- 
burg County, S. C., a country very favorable for the production of 
Simulium, being hilly and with a network of small streams, rapid 
and especially suitable for the development of the immature stages. 
The experiments on the actual biting and feeding habits were carried 
on more or less continuously from June 13 to September 16. The ma- 
terial for these experiments consisted of specimens of S. venustum; 
a good series of reared specimens (about 30); a number of females 
found engaged in oviposition; about 300 females all of which were 
taken in the act of engorging on mammals. Of the last named only 
about 90 were successfully dissected, as the engorged adults after 
death became internally disintegrated and hardened after an hour 
or so, despite every precaution. Many also died between midnight 
and 7 a. m., or while they were being transported from the place of 
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capture to the laboratory. The adults, with the exception of 10 speci- 
mens killed at the time of capture, were kept alive as long as possible 
and. dissected as soon as death was imminent. Some, in order that 
data might be obtained on their condition at the time of engorge- 


ment, were killed when captured and dissected within an hour. 
/ : 
RECORDS OF DISSECTIONS. 


DEVELOPMENT OF THE OVARIES OF REARED NONFED ADULTS. 


In order to have a check on the experiments with engorged adults, 
32 females reared from isolated pup were kept alive as long as possi- 
ble, without food, in bottles containing damp cloths. There were a 
number of males, reared from this same lot of pups, at liberty within 
the breeding cage together with these females, and copulation prob- 
ably took place, but no definite statement can be made with regard to 
this point. Four females were killed and dissected within 6 hours 
after emergence. The remainder lived from a minimum period of 
144 hours to a maximum of 119 hours. All these specimens on dissec- 
tion contained rather transparent ovaries of great potential develop- 
ment and full of round eggs (stage 1) (PI. I, fig. 1, p. 4). In no 
' instance did any one of these specimens develop the eggs within the 

ovaries as far as even the second stage. The maximum longevity of 

any nonfed reared specimen exceeded the maximum longevity of any 
specimen taken after engorgement by 52 hours. It would seem, 
therefore, that of these 32 reared specimens, there would have been 
1 or 2 which would have developed the eggs within the ovaries, if it 
had been in the natural course of events for them to do so. 


CONDITION OF THE OVARIES OF FEMALES FOUND OVIPOSITING. 


Eleven females were taken actually engaged in oviposition on grass 
blades in streams. When these specimens were dissected, there was 
found in each stomach a certain amount of substance closely resem- 
bling the digested blood found in engorged specimens which had 
lived after engorgement for 40 hours or more previous to their dis- 
section. A chemical test for hematin was applied to the substance 
found in the stomachs of the females found ovipositing, in order to 
prove beyond doubt whether it contained animal blood or not, but, 
owing to the small quantity and the changes consequent to the process 
of digestion, it was impossible definitely to determine its character. 

Three specimens were taken from grass blades in a stream on which 
they had just alighted and had not begun to oviposit. These speci- 
mens were at once dissected, and their ovaries were found to contain 
from 250 to 300 fully developed eggs. Four specimens were taken 
from egg masses deposited in the same situation, which had evidently 
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just finished ovipositing. Four others which subsequently laid from 
89 to 349 eggs while in captivity were also captured. The adults 
lived after oviposition from 15 minutes to 674 hours, and were dis- 
sected immediately after death. Their ovaries were found to contain 
in each case a large quantity of eggs of the round type corresponding 
to stage 1 (PI. I, fig. 1) with the exception of the specimen which 
lived only 15 minutes after oviposition and in which the eggs within 
the ovaries were only visible under a high magnification. The ovary 
of one specimen contained in addition, near the oviduct, a large fully 
developed egg which had not been deposited. This last-mentioned 
condition (stage 5, Pl. 1, fig. 5) was also found in adults taken 
engorging upon mammals and killed at the time of capture. 


CONDITION OF THE OVARIES OF ADULTS TAKEN FEEDING ON MAMMALS. 


In order to demonstrate the relation between the amount of en- 
gorgement and its apparent effect upon the development of the eggs 
within the ovaries, the condition of the ovaries is discussed collect- 
ively with regard to the previous amount of engorgement by adults, 
irrespective of the dates on which the adults were captured. 

The following symbols are used in description to separate the 
varying degree: (+) Slight and partial engorgement, or about one- 
fourth the utmost capacity; (+-++) fair engorgement, or one-half the 
utmost capacity; (+-+-+) well engorged, or three-fourths the utmost 
capacity; (++-+-+) complete engorgement, or distension of the ab- 
domen to its utmost capacity. 


CONDITION OF THE OVARIES OF ADULTS KILLED AT TIME OF CAPTURE. 


Ten adults were taken from time to time engorging on the blood 
of mules. They were killed at once to obtain data on the condition 
of the ovaries at the time of engorgement. Two specimens were 
slightly engorged (++) ; in one the ovaries showed a condition corre- 
sponding to stage 5, each ovary containing about 12 fully developed 
eggs, the remainder of the ovary being filled with eggs of the round 
type; in the other the ovaries contained only eggs of the round type 
in large quantity (stage 1). One specimen was half engorged 
(+-+) ; its ovaries were in a condition typical of stage 5, being filled 
with small round eggs and containing in addition 8 large fully de- 
veloped eggs in a free condition, which seem positively to have been 
developed at a different period from the rest of the ovaries. One 
specimen was fairly engorged (+-+-+); the ovaries contained only 
egos of the first stage in large numbers (stage 1). Six specimens 
were taken fully engorged (+-+-+-+); all of the ovaries were in a 
condition typical of stage 1, the eggs being of the small round type, 
translucent, and in large numbers. 


32 BULLETIN 329, U. S. DEPARTMENT OF AGRICULTURE. 


In conclusion, there were only two stages found in the ovaries of 
adults killed at the time of capture, either small, round, undeveloped 
eggs in large quantity (stage 1), or round undeveloped eggs with 
the addition of a very few large, fully developed eggs (stage 5). 
This latter stage is presumably the result of a previous engorgement 
and oviposition. 


CONDITION OF THE OVARIES OF NONENGORGED ADULTS TAKEN ON ANIMALS. 


Six specimens, which had evidently just alighted and had not fed 
on that particular animal, were taken at various times from mules’ 
ears. They lived from 2 to 47 hours after capture, and the condition 
of the ovaries in all these specimens was typical of stage 1. There 
was no development of the eggs within the ovaries, and the condition 
seemed to be the same as in adults reared from pupe and dissected 
shortly after emergence. 


CONDITION OF THE OVARIES OF PARTLY ENGORGED ADULTS. 


Twelve specimens were taken which had partly engorged (+). 
The eggs within the ovaries of five of these specimens were not de- 
veloped at all, and showed a condition corresponding to stage 1. 
These lived from 16 to 30 hours after capture. Three specimens 
showed the ovaries in a condition typical of stage 5, with from 1 
to 4 fully developed eggs near the oviduct, and with the remainder 
of the ovaries filled with the small round type. These individuals 
lived from 12 to 21 hours after capture. The ovaries of two speci- 
mens which lived for 52 and 53 hours, respectively, contained a large 
number of eggs between stages 2 (PI. I, fig. 2) and 3 (PI. I, fig. 3), 
almost oval in shape, about 200 in all. Two adults were slightly 
more engorged than the rest, though not quite half engorged. They 
contained ovaries with eggs fully developed, of the same size and 
shape as eggs freshly deposited, but in very small numbers as com- 
pared with those found in adults dissected before oviposition. There 
were about 30 eggs in the ovaries of one and 50 in the other, which 
lived 45 and 47 hours, respectively. These adults had possibly en- 
gorged once, oviposited, and then developed the remaining eggs in 
the ovaries. 

In the condition of the ovaries of partly engorged adults these 
two points are worthy of notice: (1) No development of the ovaries 
took place unless the longevity of a specimen exceeded 40 hours; (2) 
stage 5 recurred in three cases. 


CONDITION OF THE OVARIES OF HALF-ENGORGED ADULTS. 


=< 


Five half-engorged (+-++) adults were taken. The ovaries of two 
specimens contained eggs of the round type typical of stage 1. 
They lived for 7 and 21 hours, respectively. One adult contained 
ovaries filled with eggs of the typical oval shape (stage 3) in large 
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numbers and dense white in color. This adult lived for 53 hours 
after engorgement. Two adults contained ovaries with fully de- 
veloped eggs in small numbers. In one adult there were 25 eggs in 
each ovary and in the other 18. Both these adults lived for only 4 
hours and 35 minutes after capture. This is probably a case of 
second feeding, because adults which lived for so short a period 
after engorgement could not have developed fully formed eggs in 
that time. The explanation of this condition is that they had prob- 
ably deposited: only part of the full number of eggs at a previous 
oviposition. 


CONDITION OF THE OVARIES OF WELL-ENGORGED ADULTS. 


Twelve well-engorged (+--+ +) adults were taken on various dates, 
these specimens lived after capture from 7 to 47 hours. Only one 
specimen contained ovaries corresponding to stage 1. This specimen 
lived only seven hours and evidently had not had sufficient time in 
which to develop the ovaries. One specimen, which lived 17 hours, 
contained ovaries filled with eggs of stage 2, thus showing that the 
amount of development. corresponds to the amount of engorgement 
and the requisite length of time after feeding. Six specimens, which 
lived from 174 hours to 24 hours 45 minutes, contained ovaries filled 
with eggs of the oval type typical of stage 3, again showing a con- 
stant amount of development in proportion to the previous engorge- 
ment and subsequent longevity. One specimen, which lived for 48 
hours, contained eggs of the oval type in a very small number, about 
20 in each ovary, with the remainder of the ovary apparently filled 
with the eggs of the round type (stage 1). One adult contained 
ovaries with fully developed eggs, but only 27 in each ovary. This 
specimen lived for 30 hours. Two adults contained ovaries filled 
with fully developed eggs, over 100 in each ovary. These lived for 
47 hours and evidently had the required factors, presumably a suffi- 
cient blood meal and sufficient time in which to digest, in order to 
develop the eggs within the ovaries. 

The foregoing data seem to show again that the development of 
the eggs within the ovaries is increased by the amount of food plus 
the length of the period of digestion. 


CONDITION OF THE OVARIES OF FULLY ENGORGED ADULTS. 


Thirty-one fully engorged (+-+-+-++) adults were taken from time 
to time and successfully dissected. They lived from 30 minutes to 
674 hours. Six specimens contained ovaries corresponding to stage 
1. These lived from 30 minutes to 4 hours 35 minutes. Two adults, 
which lived 17 and 24 hours, respectively, contained ovaries with the 
eggs between stages 2 and 3. Six specimens contained ovaries with 
eggs typical of stage 3 in large numbers. These lived from 18 to 
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284 hours. One specimen which lived 234 hours contained ovaries 
with only a small number of eggs, about 25 in each ovary. One 
adult which lived for 44 hours contained ovaries between the third 
and fourth stages, and showed the transition from stage 3 to 
stage 4 very clearly. Twelve adults contained ovaries filled with 
fully developed eggs (stage 4, Pl. I, fig. 4); ranging in num- 
ber from 200 to 300. These adults lived from 30 to 67% hours. 
Two adults contained ovaries with eggs of stage 4, but in small 
numbers, about 50 in each ovary. They lived 48.and 56 hours, 
respectively, and possibly had developed the remainder of the eggs 
left within the ovary after a previous oviposition. One adult con- 
tained ovaries with eight fully developed eggs, and the remainder 
of the ovary filled with eggs corresponding to stage 3. This adult 
lived 34 hours and had presumably oviposited once, as is indicated 
by the presence of the eight fully developed eggs, and then devel- 
oped the remainder of the ovaries to stage 3. — 

A comparative study of the ovaries of well-engorged (+++) 
specimens shows that no adult which died before reaching a period 
of longevity of 30 hours after engorgement developed the eggs within 
the ovaries to full degree. On the other hand, with one exception, 
all adults which lived for 30 hours after engorgement developed the 
eggs within the ovaries to the fullest extent. The fully developed 
eggs within the ovaries were of the same shape as eggs freshly laid, 
and only a fraction smaller. 


THE APPARENT EFFECT OF A BLOOD MEAL UPON THE DEVELOPMENT OF THE OVARIES, 


In the studies which have been made of the ovaries of females of 
Simulium venustum under various conditions the following points 
are worthy of emphasis: (a) In all adults taken while oviposit- 
ing, apparently digested blood was found in the stomach. (6) No 
eggs within the ovaries developed to the fullest degree without en- 
gorgement and the requisite time in which to digest the blood meal. 
(¢) The condition designated as stage 5 occurred both in adults 
which had just oviposited and also in adults which were taken on 
animals and killed at the time of capture. This condition (stage 5) 
seems to furnish strong evidence that adults feed again after oviposit- 
ing, as the majority of engorged adults showed the entire contents of 
the ovaries developed. In addition the exact cause of the similar 
condition found in adults which had just oviposited is known; 
namely, that a few fully developed eggs were left in the ovaries after 
oviposition and the remainder of the eggs were in a rudimentary 
condition apparently awaiting the necessary factors for development. 
(d) The males have reduced mouth parts and are not found engorg- 
ing on blood, indicating the acquisition of this habit by the females 
for a special purpose, as is the case with other blood-sucking Diptera. 
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*CoguiLtetTT, D. W. New Diptera from Southern Africa. Jn Proc. U. S. Nat. 
Mus., v. 24, no. 1243, p. 27-82, 1902. 
Page 27. Description of Simulium nigritarsis, South Africa, n. sp. 
*Corrs, E. C. Indian Museum Notes, v. 3, p. 39-41, Calcutta, 1894. 
On the Potu fly, Simulium indicum. 
*CRUMBINE, S. J. Pellagra in Kansas. Kansas State Board of Health Bul. 
v. 7, no. 10, p. 190, Oct., 1911. 


Mention of distribution of Simulium in Kansas. 


*CurRTIS, JOHN. British Entomology, v. 16, pl. 722-769, London, 1839. 
Plate 765. Simuliwm trifasciatum. Description of the structural characters 
of the genus and designation of Culex sericea Linné as type of the genus Simulium. 
*DAMANN und OPPERMANN. Simulia Ornata als Vremittler der Wild und Rin- 
derseuche. Jn Deut. Tierarztl. Wchnschr., v. 13, no. 44, p. 505-506, Nov. 4, 
1905. 
*Doang, R. W. Insects and Disease, 227 p., 112 fig. New York, 1910. 
Page 46, fig. 24 (after Kellogg). 


Doran, H. W. The buffalo gnat. Report on the Economic Entomology of 
Tennessee. Jn Biennial Rpt. Commr. of Agr., etc., of Tennessee, p. 239-242. 


HicHHorNn, J. C., Beitrage zur Naturgeschichte der kleinsten Wasserthiere, die 
mit keinem blossen Auge gesehen werden kénnen. 94 p., 8 tab., Danzig, 
Miiller, 1776. 


*HMeEry, W. T. The Morphology and Biology of Simuliuwm vittatwm and its 
Distribution in Kansas. Kansas Univ. Sci. Bul., v. 8, no. 9 (Whole Ser., 
vy. 18, no. 9), p. 828-362, pl. 38-42, March, 1914. 


*[Ent. Nachr.-Jahrg. 10, no. 15, p. 284-285, Aug., 1884.] 


*Wapricius, Orto. Fauna Groenlandica. p. 210, Hafnie et Lipsiz, 1780. 
Culen reptans Linn.—Simulium reptans. 


*FABRICIUS, OTTO. Beschriebung der Atlasmucke und ihrer Puppe (Tipula 
Serica). In Schriften der Berlinischen Gesellschaft Naturforscherder 
Freunde, v. d, p. 254-259, pl. 3, 1784. 

Plate shows a figure of.the pupa, cocoon, and imago. 


*MABRICIUS, JOH. CHRIST. Hntomologia Systematica, t. 4, p. 276, 1794. 
Rhagio colombaschensis Fab. Original description. 
Fiuiep, Epuarp. Die Gollubatzer Mucke (Simulia columbaczensis). In Termés 
zettud. évkényv. Temesvar. II. Eivfoly, p. 95-103, 1875-1876. _ 


Foxrpi, JAnos. Természeti Historia, p. 355, 1801. 


*Horses, 8S. A. On black-flies and buffalo-gnats (Simulium) as possible carriers 
of pellagra in Illinois. Jn 27th Rpt. State Ent. Ill. f. 1912, p. 21-55, fig. 
1-25. 

Descriptions of 8S. johannseni Hart. and 8S. venustoides Hart n. sp. 

*WRins, B. F. Observationes entomologice, Pt. I. Monographia Simuliarum 

svecize, Lunds, 1824. 


*GARMAN, H. Silk spinning fly larve. Jn Science, v. 22, no. 559, p. 215-217, 4 
fig., Dec., 1893. 


*GARMAN, H. A preliminary study of Kentucky localities in which pellagra is 


prevalent. Kentucky Agr. Expt. Sta. Bul. 159, 79 p., 65 fig., Jan., 1912. 


On the life history and early stages of Simulium venustum with several very 
good figures of structural characters, 
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*GuoncivitcH, Jivoin. Sur un Trypanosomide nouveau, Crithidea simulie, 
n. sp. d’une Simulie (Simuliwm columbacensis) de la Serbie septentrio- 
nale. In Compt. Rend. Soc. Biol., t. 67, no. 31, p. 480-482, Paris, 1909. 


An organism found in the digestive tract of blood-sucking female Simulium. 


‘*GEORGEVITCH, Jivoin. Note relative a la Biologie et au systéme digestif de 
Simulium columbacensis. In Compt. Rend. Soe. Biol., t. 67, no. 33, p. 540- 
542, Paris, 1909. 
*GoELDI, Hmitio Aucusto. Os Mosquitos no Para. In Memorias do Museu 
Geeldi, v. 4, p. 188-139, Para (Brazil), 1905. 
On the “‘ pium ”’; original description of Simulium amazonicum. 
*Gorpon-HEWITT, C. Simulium flies and pellagra. In Nature, v. 85, p. 169-170, 
1910. 
Short note. 


*GRABER, V. Simulia, Chironomus. Jn Denkschriften der kaiserlichen Akademie 
der Wissenschaften, Bd. 55, p. 142-144, pl. 8, fig. 48-54, Wien, 1889. 
*GRUNBERG, K. Diptera, Zweifitigler. In Die Stisswasserfauna Deutschlands, 
Heft 2A, 312 p., 348 fig. Jena, 1910. 
Pages 106-112, figures 126-130. List of most of the European species of Simu- 
lium to date, with descriptions of the adults, larve, and pupe. 
*H AGEN, .H. A. A new species of Simulium with a remarkable nympha ease. 
In Proce. Boston Soc. Nat. Hist., v. 20, p. 305-807, Oct., 1879. 
*HaAceN, H. A. On Simulium. Jn Canad. Ent., v. 13, No. 7, p. 150-151, July, 
1881. 
*Hacen, H. A. Simulium feeding upon chrysalids. In Hnt. Mo. Mag., v. 19, 
p. 254-255, April, 1883. 
Simulium attacking and feeding on the chrysalids of Pieris menapia. 
HANpDLIRScH, ANTON. Die Fossilen Insekten, p. 631, 981-982, 1186, 1192, 1259, 
1262, 1270, 1287, 1292. Leipzig, 1908. 
Familie: Simulidae. Fossil species in amber. 
*Harris, T. W. Treatise on Some of the Insects Injurious to Vegetation. New 
ed., 640 p., 278 fig., Boston, 1862. 
Pages 601-602. Simulium molestum and 8. novicum. 
*Hencer, H. Beitraige zur Naturgeschichte der Kerfe. In Isis von Oken, vi 41, 
no. 5, p. 819-348, pl. 4. 1848. 
Page 328. Simulium colombaschense. 
*HENDEL, F'RIEDRICH. Nouvelle classification des mouches 4 deux ailes (Dip- 


tera L.). In Verhandl. k. k. zool. bot. Gesell. Wien, Bd. 58, p. 438-69. 
1908. 


Page 50. Melusina revived and Simulium Latr. put in synonymy. 
Herman, Otro. A Kolumbfcsi legyrél. In Természettudomanyi Kézlony, 
y. 8, no. 82, p. 236-239, 6 fig., June, 1876. 
*HERRICK, G. W. Some insects injurious to stock and remedies therefor. 
Mississippi Agr. Hxpt. Sta. Bul. 53, 8 p., March, 1899. 
Pages 2-4. The Southern buffalo gnat. (Simulium pecuarum Riley.) 
HEvFFEL, JANos. A kolumbiczi tipolya. In A Magyar Természettudomanyi 
Tarsulat Evk6nyvel, v. 2, p. 44-59, 1845-1850. 
*Hewitt, C. Gorpon. See Gordon-Hewitt, C. 


*HotmMGrEN, A.E. Insekter fran Nordgrénland. In Ofvers. K. Svenska Vetensk. 
Akad. Forhandl., v. 29, no. 6, p. 97-105, 1872. 
Page 104. Fam. Simulides, Simulia vittata. Short reference, 
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*HorvatH, GezA. A kolumbfcsi légy. Jn Rov. Lapok., v. 1, no. 10, p. 195-204, 
pl. 38, 10 fig., Oct., 1884. 


Biology of Simulium colombaschensis=Simulium reptans. 


*[Howarp, L. O. Larva of Hydropsyche feeding on larvze of Simulium.] In 
U.S. Dept. Agr. Ann. Rpt. Ent. f. 1886, p. 510, 1887. 


*Howarp, L. O. Notes on Simulium common at Ithaca, N. Y. Jn Insect Life, 
v. 1, no. 4, p. 99-101, Oct., 1888. 

*Howarp, L. O. Death web of young trout. Jn Insect Life, v. 7, no. 1, p. 50, 
Sept., 1894. 


Note on a Simulium in relation to fish. 


*Howarp, L. O. The buffalo gnat. Jn Insect Life, v. 7, no. 5, p. 426, July, 1895. 


Note on occurrence in Louisiana. 


*Howarp, L. O. Simulium and pellagra. In U. S. Dept. Agr. Ann. Rpt. Ent. f. 
1911, p. 34. 

*Huncrerrorp, H. B. Anatomy of Simulium vittatum. In Kansas Univ. Sci. 
Bul., v. S, no. 10 (whole ser., v. 18, no. 10), p. 365-882, pl. 48-45, 1914. 

*HuntTer, 8. J. The sand-fly and pellagra. Jn Jour. Econ. Ent., v. 5, p. 61-64, 
1912. 

*HuntTeEr, 8. J. University experiments with sand fly and pellagra. Kansas 
Univ. Sci. Bul., v. 8, no. 8 (whole ser., v. 18, no. 8), p. 313-820, 1914. 

* JENNINGS, ALLAN H., and Kine, W. V. One of the possible factors in the causa- 
tion of pellagra. Jn Jour. Amer. Med. Assoc., v. 60, p. 271-274, Jan., 1913. 

Reference to Simulium and statement questioning the probability of the 
Simulium theory of pellagra. 

* JENNINGS, Arian H., and Kine, W. V. An intensive study of insects as a 
possible etiological factor in pellagra. Im First Progress Rpt. of the 
Thompson-McFadden Pellagra Commission, p. 81-110, March, 1914. 

_ Pages 95-100. Simuliide. Simulium pictipes, S. venustum, S. vittatum. 

* JOAN, TERISA. Nota sobre un Diptero ponzofiosa. Jn Boletin del Ministerio 
de Agricultura, t. 14, no. 4, p. 368-885, 11 fig., 1 pl. Buenos Aires, 
April, 1912. 

Description of Melusina dinellii=Simulium dinellii new species from Alpachiri, 
Tucuman, Argentina; also biological data, and colored and text figures. 

*JOHANNSEN, O. A. Notes on some Adirondack Diptera collected by Messrs. 
MacGillivray and Houghton. Jn Ent. News, v. 14, no. 1, p. 14-17, 
Jan., 1908. 


*JOHANNSEN, O. A. Aquatic Nematocerous Diptera. In N. Y. State Mus. Bul. 
68, pt. 6, p. 328-441, pl. 32-38, 1903. 

Simuliide : Biology and list of the North American species, with keys and de- 
scriptions, also many excellent illustrations of the structural characters of the 
immature stages. 

*JOHANNSEN, O. A. Insect notes for 1910. Maine Agr. Expt. Sta. Bul. 187, 24p., 
37 fig., 1911. 

Pages 4-5. Simulium and pellagra. 

*KELLOGG, VERNON L. Food of larvze of Simulium and Blepharocera. In Psyche, 
v. 9, no. 298, p. 166-167, Feb., 1901. 


“Kine, Harotp H. Biting and noxious insects other than mosquitoes. In Sec- 
ond Rpt. Wellcome Research Laboratories, Gordon Memorial College, 
Khartoum, p. 29-50, pl. 1-3, fig. 12-20, 1906. 


Biological and other notes on ‘‘ Kunteb”’ and “ Nimitta,’’ Simulium damnosum 
and S. griseicollis. 
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*Kinc, Harotp H. Report on economic entomology. In Third Rpt. Wellcome 
Research Laboratories, Gordon Memorial College, Khartoum, p. 201-248. 
1908. 

Pages 206-209. Sandflies, “‘ Nimitti’” (Simulium griseicollis Becker) and “ Kil- 
teb”’ (S. damnosum Theob.). 

*Kirpy and Spence. Introduction to Entomology. Hd. 4, v. 1, p. 151-153. Lon- 
(lon, 1822. 

Simulium attacking man and animals. Reference to Rhagio columbaschensis. 

*Kwas, FE. Dr. A. Lutz’s studies of Brazilian Simuliide. Jn Proc. Hnt. Soc. 
Wash., v. 18, p. 172-179, 1911. 

*Kwas, F. A note on some American Simuliide. In Insecutor Inscitize Men- 
struus, v. 1, no. 12, p. 154-156, Dec., 1918. 

*Kwnas, F. Simuliide of Peru. Jn Proc. Biol. Soc. Wash., p. 81-86, May 11, 


1914. : 
Description of new species. Simulium gaudeatum, S. flavipictum, S. spinifer, S. 
seriatum, S. chaleocoma. 


*KOLLAR, VINCENT. A Treatise on Insects Injurious to Gardeners, Foresters 
and Farmers. (Translation from German by J. and M. Loudon), 377 p., 


figures. London, 1840. 
Pages 68-73. On the attacks of Simulium columbaschense in Servia upon man 
and animals. 


*KOLLAR. Beurtheilung des von Dr. Medovics an die serbische Regierung 
erstatteten Berichtes itiber Hnstehung und Vertilgung der Gollubatzer 
Mucken. Jn Sitzber. K. Akad. Wiss. [Vienna], Math. Naturw. K1., Bd. 1, 
p. 92-107, pl. 1-3, 1848. 

On Simulium sericeum Meig. 

*KOLLIKER, ALBERTO. Observationes de prima insectorum genesi. Jn Ann. Sci. 

Nat. Zool., ser. 2, t. 20, p. 253-283, pl. 11. Paris, 1843. 
Pages 265-266. Simulia canescens, embryology. 

*LATREILLE, P. A. Histoire Naturelle, v. 14, 482 p. Paris, 1805. 

Page 294. The 477th Genre Simulie: Simulium. Original description of the 
genus. 

*LAVINDER, C. H. The theory of the parasitic origin of pellagra. In Public 
Health Reports, v. 25, no. 21, p. 285-237. Washington, June, 1910. 

Summary of the ‘‘ Simulium theory.” (Simuliwm reptans.) 

*LAVINDER, C. H. A report of the second triennial meeting held at Columbia, 
8. C., Oct. 3-4, 1912. In Public Health Reports, v. 27, no. 44, p. 1776-1778, 
Noy., 1912. 

*LeFroy, H. MAxweELt. Indian Insect Life, 786 p., 83 pl., 536 fig. Calcutta and 
Simla, 1909. 


Pages 587-588, pl. 61. Simulium in India. Observations on Simulium indicum 
Becher and 8S. indianum Big. 


*Lron, N. Le Simulium columbaczense de Roumanie. In Centbl. Bakt., Abt. 1, 
v. 51, p. 659-668, 11 fig. Jena, 1909. : 
A careful study of the structure of the mouth parts of Simulium. 
*LETHO, JULIUS. Hungarian Earthquakes and the Kolumbacs flies. In Nature, 
vy. 21, p. 202, Jan., 1880. 


*LIEBE, JOHANNES. Die larva von Simulia ornata Mg. (with 16 figs. in the - 
text). In Zeitschrift fur Naturwissenschaften, Bd. 82, Heft 3-5, p. 
345-3872. Leipzig, 1910. 


*LINNZUS, Carotus. Lachesis Lapponica. Translated by J. H. Smith, v. 1, 
366 p. London, 1811. 
Pages 208-209. On attacks of Culex reptans in Pithoea. 
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*LiInna&us, Caronus. Flora Lapponica, 390 p., 12 pl. London, 1792. 
Pages 382-883. Description of Culex pulicaris=C. reptans=Simulium reptans. 
Known locally as ‘ knort.’’ 
*Lonw, H. Diptera Americ septentrionalis indigena. Centuria secunda. In 
Berlin. Ent. Ztschr., v. 6, p. 185-232. Berlin, 1862. 
Page 186. Simulium quadrivittatum, description of new species. 


*LOUNSBURY, CHARLES P. Insect pests in South Africa. Jn Science in South 
Africa, p. 862-374, 1905. 


Simulium attacking poultry (brief mention), South Africa. 


*LuGaer, OTTo. Insects injurious in 1896. Univ. Minn. Agr. Expt. Sta. Ent. 
Div. Bul. 48, 270 p., 16 pl., 187 fig., 1896. 
Pages 198-208. Description of new species: Simulium minutum; 8S. irritatum ; 
S. tribulatum=S, vittatum. 
*LUNDBECK, WILL. Diptera Groenlandica. In Videnskabelige Meddelelser fra 
den naturhistoriske Forening i Kjobenhayn, p. 281-816, 5 fig., 1900. 


*LUNDSTROM, Cart. Sliktet Simulium Latr. Jn Meddelanden af Societas pro 
Fauna et Flora Fennica, Heft 36, p. 103-104, 1910. 


*LUNDSTROM, CARL. Beitriige zur Kenntnis der Dipteren Finlands, VII. Mo- 
lusinide (Simuliide). Jn Acta Soc. pro Fauna et Flora Fennica, v. 34, | 
no. 12, 24 p., 26 fig., Dec., 1911. 


A study of the male genitalia, showing the systematic value of the structures. 


*Lutz, A. Memorias do Instituto Oswaldo Cruz, t. 1, p. 124146. Rio de 
Janeiro, 1909. 


Page 132, description of Simulium rubrithoraz; p. 133, S. seutistriatum ; 
p. 185, S. hirticosta; p. 141, S. exiguum and 8. varians; p. 137, spp. n. Brazil. 
S. venustum var. infuscata. 


*Lutz, A. Memorias do Instituto Oswaldo Cruz, t. 2, p. 213-267, 1910. 


Descriptions: S. infuscatum, p. 236; S. orbitale—=nigrimanum Macq., p. 231; 
S. auwristriatum, p. 245; S. incrustatum, p. 243; S. distinctum, p. 241; S. sub- 
“nigrum, p. 289; 8. subpallidum, p. 247; S. flavopubescens, p. 248; 8S. pruinosum, 
p. 250; S. simplicicolor, p. 251; S. minusculwm, p. 253; 8S. rotulibranchium, p. 256 ; 
S. clavibranchium, p. 257; S. diversifurcatum, p. 258; S. arquifurcatum, 8S. bre- 
vibranchium, p. 260, spp. n. Brazil. 


*McBripg, Sara J. The so-called web-worm of young trout. Jn Amer. Ent. and 
Bot., v. 2, no. 12, p. 365-866, Dec., 1870. 


*Macquart, M. Histoire Naturelle des Insectes, Diptéres. vy. 1, p. 173-175, pl. 
4, fig. 15. Paris, 1834. 
Simulie. Simulium Latr. Description of genus and list of species. One colored 
figure of 8. ornatum. 
*MAtiocH, J. R. One new genus of dipterous insects in the U. S. National 
Museum collection. fn Proc. U. S. Nat Mus., v. 48, no. 1945, p. 649-658, 
pl. 46, 19138. 
Page 649, pl. 46, fig. 67, Simulium bicoloratum; p. 650, fig. 8, S. bipunctatum ; 
p. 650, fig. 9, S. townsendi; p. 652, S. nitidum. Locality, Peru. 
*MALLocH, J. R. American black flies or buffalo gnats. U. S. Dept. Agr. 
Bur. Ent. Tech. Ser. no. 26, 71 p., 6 pl., 1914. 


Descriptions of new species: Prosimulium pleurale; Prosimulium mutatum ; 
Parasimulium new genus; Parasimulium furcatum; Simulium aureopunctatum ; 
S. hippovorum; 8. trivittatum; S. bivittatum; 8. parnassum; S. arcticum; S. jen- 
ningsi; S. clavipes; S. hunteri; S. hematcpotum ; 8. forbesi. 


*MARLATT, C. L. Report of a trip to investigate buffalo gnats. Jn Insect Life, 
v. 2, no. 1, p. 7-11, July, 1889. 
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*MarsHarrt, P. New Zealand Diptera. Jn Trans. and Proc. N: Zeal. Inst., : 
y. 28, art. 26, no. 3 (Simulidz), p. 310-811, pl. 14, June, 1896. 
Simulium australiense in New Zealand. : 

*Meczntkow, Ertas. Embryologische Studien an Insecten. Jn Ztschr. Wiss. 
Zool., Bd. 16, Heft 4, p. 389-500, pl. 23, fig. 1-24. Leipzig, Dec. 6, 1866. 

A detailed study of the embryology of several insects. Aphis rose, Chironomus 
‘etc., including detailed account of the embryology of Simulium with excellent 
illustrations. 

*Meentn, J. P. Du réle des mouches dans la propagation du charbon et autres 
affections virulentes. Jn Jour. Med. Veter. Mil., t. 12, no. 8, p. 461-475. 
Paris, Jan., 1875. 

Simulium maculatum and S. cinereum transmitting diseases of catile. 

*Mecnrn, J. P. Les Parasites et Les Maladies Parasitaires chez !Homme, les 
Animaux Domestiques et les Animaux Sauvages avee Lesquels ils Peuvent 
eire en Contact; Insectes, Arachnides, Crustacés. 478 p., 26 pl., 68 fig. 
Paris, 1880. 

Pages 47-51. Mouches piquantes, Simulium, causing a psoriasis in the ears of 
horses, and also transmitting charbon. 

*Mercen, J. W. Versuch einer neuen Gattungs-Hintheilung der europilischen 
zweifiiigligen Insekten. Jn Magazin fiir Insektenkunde herausgegeben von 
Karl Illiger, v. 2, p. 259-281. Braunschweig, 1803. 


*Merrcen, J. W. Kilassification und Beschreibung der europiischen zweifiii- 
glichen Insecten, t. 1. Braunschweig, 1804. 


*MerserE, J. C. H. pe. Studien tiber Siidostasiatische Dipteren. Jn Tijdschr. 
Eni., v. 50, p. 196-264, pl. 5-6. ‘*s-Gravenhage, Dec. 31, 1907. 
Pages 206-207. Description of Simulium nobile, male, new species from Java. 
*Meryere, J. C. H. pe. Biutsaugende Micro-Dipteren aus Niederlindisch Ostin- 
dien. in Tijdschr. Ent., v. 52, pl. 12, p. 191-204. ’s-Gravenhage, Dec., 1909. 
Pages 202-203. Simulium nobile, female. Description. 
*\MirrnertT, Fe. De eucephale Myggelarver. In K. Danske Vidensk. Selsk. Skr., 
ser. 6, v. 3, art. 4, p. 373-489, pl. 4, fig. 115-127, 1886. 
Pages 458-464. Anatomy of Simulium ornatum, with bibliography. 
aaa Fr. Fluernes Munddele Tropi Dipterorum, 91 p., 6 pl. Kjobenhavn, 
1881. 
Pages 41-43. Simulium fuscipes; 8. reptans ; mouth parts of adults. 
*MeEuNIER, FERNAND. Beitrag zur Fauna der Bibioniden, Simuliden, und 
Rhyphiden des Bernsteins. Jn Jahrb. Koniglich Preuss. Geol. Landesan- 
stalt und Bergakademie, Bd. 24. p. 391-404, pl. 17, fig. 8-11. Berlin, 1903. 


Pages 397-398. Descriptions of new fossil species, Simulium pulchella, 8. affinis, 
8S. importuna. : 


“*Mrarr, L. C. The Natural History of Aquatic Insects. 395 p., 116 fig. Lon- 


don, 1895. 
Pages 175-188. Simulium. 
*Moore, H. W. B. Blood-sucking flies other than mosquitoes. In Jour. Roy. 
Agr. and Com. Soc. British Guiana, v. 1, ser. 3, p. 255-259, 1911. 
Simulium in British Guiana. Note on distribution. 
MocsAry, SAnpor. A kolumbacsi légy. In Vasarnapi Ujsig, évfoly, 21 szam.,_ 
p. 329-330. 1876. “<5 
Die Fliege von Kolumbacz. 


*MULiteR, Fritz. Larven von Miicken und Haarfiiiglern mit zweierlei abwech- 


selnd thitigen Athemwerkzeugen. In Ent. Nachr., v. 14, no. 18, p. 
273-277, Sept., 1888. 
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. Roperr. Insects and other Arthropoda collected im the Congo Free 

State. In Ann. Trop. Med. Par., v. 1. no. 1, p. 3-112, pL 1-6, Feb. 1. 1907. 
Mention of Simulium damnozam; S. ornatum, babits and structural characiers 

(Buropean species). 

“*Nesppam, J. C., and Berres, C. Aquatic insects in the Adirondacks. N. Y. 

State Mus. Bul. 47, p. 383-612. 36 pL, 2 fic, 190L 


| eNrcévmece, Lions pe. Note on the “ Potu™ or “ Pipsa” fly. In Indian Mus. 


Notes, v. 4, no. 2, p. 54-55. Caleutia, 1896. 


q 
_ *NICHOLIs, Lucrus. Pellagra. “Sandily Protozoon * versus “Zeist ™ theory. 
In Jour. Trop. Med.. v. 15, no. 20, p. 306-306. London, 1912. 


| 
:  *Nozz, Pact. La Mouche de Goluobaiss. Im Le Naturalisie, ser. 2, année 2%, 
no. 452, p. 13. Paris, Jan. 1, i906. 
*Ospoen, Heeseer. An old American account of the buitalo suai IJIm Insect 
Life, v. 1, no. T. p. 224-225, Jan.. 1889. 
*Osporn, Heeseer. Insects affecting domestic animals. U. S. Dept. Asr. Div. 
Ent, Bul. 5, 1. s.. 302 p.. 5 pL, 170 fig.. 1896. 
Pages 31-58. Simouliid=. 
|. *Ost=N-Sacken, R. On the transformations of Simuliam Jn Amer. Eni. v. 2 
no. & p. 229-231, fig. 145-147, June, 1870. 
: *Packarp, A. S. History of the buiialo enat Im Amer. Nat. v. 20. no 7. p 
650-651, 1886. 
Habits ef Simultum lerve im North Americ. 
*Packsrp, A.S. Our Common Insects. 255 p. 268 fic. Salem, i873. 
Pages 72-73. The black fly. 
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INTRODUCTION. 


GEOGRAPHICAL DISTRIBUTION AND VALUE OF THE RICE CROP. 


From early colonial days until the Civil War, rice was an impor- 
tant crop in the coastal plains of South Carolina and the adjacent 
States. During the past quarter of a century, however, the produc- 
tion of rice in Louisiana, eastern Texas, and Arkansas has risen to a 
preeminent position. Of the 1913 rice crop of the United States, 
valued on the farm at $22,090,000, approximately 45 per cent was 
grown in Louisiana, 88 per cent in Texas, and 15 per cent in Ar- 
kansas. The relative importance of the rice-producing areas of the 
United States is shown in figure 1. With the opening of the great 
southern prairies of Louisiana and Texas for rice culture and its 
more recent development in Arkansas, the production of rice in the 
United States has increased enormously. Not less striking, however, 
have been the improvements in the methods of planting, harvesting, 
thrashing, and milling. 

Much has been written about the new agricultural schemes for pro- 
ducing the rice crop, but very little literature is available on the mill- 
ing processes now in use. It is the object of this paper to describe 
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briefly these processes and the machinery employed, and to consider 
each operation in the light of its effect on the chemical and mechani- 
cal qualities of the finished products. It is hoped that in so doing 
it may be possible to correct some of the popular misunderstandings 
of the various grades and finishes of rice now found on the market. 


STRUCTURE OF THE RICE GRAIN. 


A brief description of the physical and microscopic structure of 
the rice grain is of such value in understanding the milling processes 
that it is presented here. Prior to 1914 about half of the rice grown in 
the United States was of the Honduras type and nearly all the remain- 


Fic. 1.—Outline map of the United States, showing the relative importance of various rice- 
producing areas in 1914; each dot represents 50,000 bushels. 


der was of the Japan type, each deriving its name from the country 
from which it was originally imported.t. The grain of the Honduras 
type of rice is long and slender, that of the Japan type distinctly 
smaller and more nearly round, but from the viewpoint of the struc- 
ture of the grain the two are virtually the same. 

The rice grain as it leaves the farm thrasher and enters the mill 
is covered with a hard, siliceous hull, or palet, which is loosely at- 
tached to the edible grain within. The germ, or embryo, is dis- 
tinctly visible near the base of the hulled grain. Directly beneath 
the hull, but separate from it and firmly attached to the starchy body 
of the grain itself, is a light-brown bran coat. A careful study of 
this coat with the microscope reveals seven types of cells arranged 
in layers and enveloping the starchy interior of the grain. Figure 


1JIn 1914 the rice known commercially as “ Blue Rose” was first widely grown through- 
out the rice belt. In shape and size the grains of Blue Rose rice are intermediate between 
those of the Honduras and the Japan types. 
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2 represents a cross section of a rice grain, and shows, in addition 
to the hull, the disposition of the seven layers. On the outside of 
the hulled grain le, in order, the epicarp, mesocarp, cross cells, and 
tube cells. These four are frequently grouped together and called 
the pericarp. Beneath this are the spermoderm, perisperm, and 
aleurone layers. 

During the process of milling, there are removed, in addition to 
the hull, most of the outer six coats and a portion of the seventh, 
leaving only the starchy part of the endosperm surrounded by a 
portion of the aleurone layer. Since the aleurone cells are rich in 


Fig. 2.—Cross section of the hull and outer portion of a rice grain, greatly magnified. 
H, Hull; P, pericarp (including the epicarp, mesocarp, cross cells, and tube cells) ; S, 
spermoderm ; Pe, perisperm; A, aleurone layer; St, starch cells. 


protein and this constituent is also present in the: protoplasm dis- 
tributed through the endosperm, it is not surprising that only about 
10 per cent of the protein of the hulled rice is removed by milling. 
The oil, however, is largely contained in the germ, and about 85 
per cent of the entire oil content of the hulled rice goes into the by- 
products. Since the mineral salts of the hulled grain lie mostly in 
the exterior layers, the proportion of salts is reduced nearly 70 per 
cent by milling. Interesting, but of less importance, is the reduc- 
tion of 70 per cent in the crude-fiber content by the removal of the 
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cellulose structure of epicarp and perisperm and a 30 per cent de- 
crease in the quantity of pentosans. 


MILLING METHODS. 
/ i EVOLUTION OF RICE MILLING. 


The rice hull is so stiff and hard as to be quite inedible, and its 
removal from the grain is in reality the fundamental process of rice 
milling. To accomplish this, various devices have been used in the 
United States. The pounding of the grain in a wooden mortar with 
a pestle by hand was succeeded by the employment of mechanical 
devices for raising the pestle and by the use of larger mortars and 
pestles covered with metal on their wearing surfaces. In some local- 
ities a further refinement of the process consisted in substituting 
revolving stones as a hulling agent before the rice was pounded. 

In Louisiana the same object was later accomplished by a machine 
called the “ plantation huller,” in which the rough rice was hulled 
and scoured by friction between corrugated iron surfaces. Modern 
mills employ large revolving stones for removing the hulls and a 
series of scouring machines for polishing the grain. 


PRIMITIVE METHODS. 
FARM MORTAR-AND-PESTLE MILLING. 


In early times, when the production was small and consumption 
was confined largely to the producing area, simple and cheap methods 
of milling were adequate. The farm mortar was made by burning 
or scraping a conical cavity in a block of hard wood, and the pestle 
was prepared from a cylindrical stick of similar wood by shaping and 
pointing each end and cutting down the center to a size suitable for 
a handle. Such a pestle was about 3 feet long and weighed from 
10 to 15 pounds. Figure 3 shows the type of wooden mortar and 
pestle formerly used in milling rice for home consumption. The 
rough rice was pounded until practically all the grains had been 
hulled and the broken hulls, acting as an abrasive, had scoured off 
a considerable portion of the bran coat. The loose hulls and bran 
were blown away by the wind when the pounded mass was poured 
from an elevated pan to a receiver below. Before cooking such rice 
it was necessary to remove by hand picking the remaining paddy 
or unhulled grains, which were always present. Since the capacity 
of a mortar was generally less than a bushel and the operations were 
all done by hand, this method was inadequate for the milling of rice 
except on a small scale. 


MORTAR-AND-PESTLE MILLS. 


As the demand for rice increased, it was found economical to em- 
ploy larger mortars and mechanical means for pounding and winnow- 
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ing the grain. The mortars, enlarged to a capacity of 4 to 6 bushels 
each, were lined with iron, and the pestles, covered with the same 
metal, weighed 350 to 400 pounds each. All machinery in these mills 
was operated by power secured from small wood-burning steam 
engines. The pestles were raised and dropped into the mortars by 
means of a huge horizontal revolving drum, fitted with spokes which, 
as the drum revolved, passed 
into and under slots in the 
pestles, raising them up, 
passing: out, and dropping 
them suddenly with a heavy 
thud into the mass of rice 
in the mortars. Machine- 
driven screens and fans were 
adopted, and the capacity of 
a mill employing six or eight 
mortars was over 700 bushels 
of rough rice per day. Mills 
of this type, which were lo- 
cated at various points along 
the South Atlantic coast, 
were the first to attempt a 
separation of the clean rice 
into grades according to size. 
This was done by the use of 
flat metal screens. 

Very largely increased 
production in southwestern 
Louisiana and a demand for. 
a more highly polished 
product resulted in further 
mechanical developments in 
the mills of that region. The 
rice was first screened to re- 
move foreign matter, such as 
straw, weed seeds, and mud 
lumps. It then passed to a Fic. 8.—Wooden mortar and pestle used in milling 
pair of hulling stones, a new ere 
machine piednecd to perform 2 a part of the work formerly done by 
the mortar and pestle. The rice fell through an opening in the 
upper stone, and the revolution of this stone, or “runner,” over the 
“bed stone,” which was stationary, caused the grains to incline in a 
semiupright position between the two stones. The “runner,” which 
revolved over the “bed stones” at a distance above it equal to about 
two-thirds the length of the rice grain, cracked or split the hull, 
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allowed the grain to drop out, and by its revolutions forced grain and 
hulls along together out of the machine. The runner stone was 
capable of being raised or lowered to suit the quality and size of the 
grain in various lots. ; 

From the stones the material passed to a newly introduced combi- 
natioh “screen blower,” which fanned out the hulls and partly, sepa- 
rated the unhulled, or paddy, grains from the hulled rice. The 
paddy rice was returned to the stones and the hulled rice conveyed 
to storage bins above the mortars. In these mills the mortars were 
used only as scouring machines and removed most of the bran coat, 
together with the germ, or eye, of the grain. When the rice had 
been sufficiently pounded, it was transferred to the flour screen and 
thence to the fine-chaff fan for the separation of the by-products. 
The rice became heated through friction in the mortars, and it was 
therefore sometimes placed in cooling bins, where it was stored for 
eight or nine hours before further milling. The final polishing was 
accomplished by the friction of the grain in the polisher or brush. 
This machine consisted essentially of a vertically cylindrical frame- 
work which was covered with overlapping pieces of soft moose hide 
or sheepskin and revolved at a high rate of speed within a cylinder 
of wire screen. The rice was scoured between the leather and the 
wire screen and given a highly polished surface. Grading was done 
on flat metal screens, and the clean products were barreled for the 
market. 


PLANTATION HULLERS. 
, 


Several small huller mills are still operating in various parts of 
Louisiana, cleaning rice for local use. Briefly the process is as fol- 
lows: Power is secured from a small engine which drives belts for 
the operation of the mill machinery. The rough rice-1s first screened 
free from straw, chaff, and dirt and passed directly into the hopper 
of the huller. This huller resembles externally a large sausage ma- 
chine and is composed of a horizontal, tapering, grooved cylinder 
within which revolves a ribbed shaft. The rice is subjected to a 
vigorous rubbing of the kernels against each other and to a scraping 
between the rough iron walls of the tapering cylinder and the ribbed 
surface of the rapidly revolving core. The grain is next screened 
and fanned free from hulls and passed a second time through the 
huller, after which it is again fanned and is ready for consumption. 
Such milled rice contains a large percentage of broken kernels which 
are covered with a film of powdery bran. = 

On account of the small motive power and little machinery used, 
the daily capacity of such a mill seldom exceeds 40 barrels of rough 
rice of 162 pounds each. The grower generally has his choice of 
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paying about 50 cents per barrel cash for the milling, in which case 
he retains the mixed hulls and bran, or of giving 30 cents together 
with the by-products. The yield of milled rice from a plantation 
huller approximates 80 pounds per barrel of rough rice of the Hon- 


duras type. 
MODERN MILLING. 


The large profit formerly derived from the modern rice mill, as 
well as the rapid extension of rice farming in western Louisiana and 
Texas during the past 20 years, led to an overconstruction of mills. 
In 1911 competition, which had become so vigorous as nearly to elimi- 
nate profits, resulted in the consolidation of about 30 Louisiana mills 
and the formation of the Louisiana State Rice Milling Company. To 
secure greater business economy and milling efficiency 12 mills were 
closed and many of the remaining 18 enlarged. In addition to the 
30 mills of the Louisiana State Rice Milling Company, there are in 
Louisiana 11 independent mills, all operating in 1913, of which 8 are 
in New Orleans. Twenty mills are located in Texas, and all but 
two were operating in 1913. In Arkansas six mills were running 
during 1913 and one was closed. Tennessee has one operating mill 
at Memphis. On the Atlantic coast there are five mills, all of the 
mortar-and-pestle type, located in North Carolina, South Carolina, 
and Georgia, but only one of these is at present operating, and that 
on a very small scale. 


MILLING MACHINERY. 


The milling of wheat and of rice are fundamentally opposite. In 
milling wheat the chief product, flour, must be ground very fine; 
in milling rice the grains must be kept as nearly whole as possible. 
According to the present commercial conception, an eflicient rice 
mill is one which properly cleans, scours, and polishes the rice grains 
with a minimum amount of breakage. This fact must be kept in 
mind in the study of each machine. 

Screens and fans.—The rough rice from the thrashers, stored in 
bags in the warehouse or in bulk in the elevator bin of the rice mill, 
generally is thoroughly screened and fanned in a combination screen 
blower before being conducted into the hopper of the hulling stones. 
Chaff, weed seeds, mud lumps, and other foreign substances are thus 
removed, which, if present, would damage the machinery or intro- 
duce impurities into the finished products. 

Hulling stones—The first real milling operation consists of remov- 
ing the hulls from the grain between the hulling stones. These latter 
are a perfected form of those employed in the old mortar-and-pestle 
mills already described, and differ little from the stones which are 
widely used for grinding corn. In a modern rice mill of a daily 
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capacity of 600 barrels of 162 pounds each, two sets of stones are 
generally employed. Since the revolving motion of the stones tends 
to keep the grains on end and all the grains in a lot of rice are not 
uniform in length, it is found most economical to adjust the stones at 
a sufficient distance apart so that the best and longest grains are not 
broken and at the same time a maximum percentage of rough rice is 
hulled. If the stones are set too close together, it is also found that 
the germs are removed from some of the grains instead of remaining 
to be scoured off with the bran. The average results of the mechan- 
ical analyses of several samples of rice of the Honduras type col- 
lected directly from the stones are as follows: Hulled rice, 65.5 per 
cent; rough rice, 15.3 per cent; and hulls, 19.2 per cent. 
Fans.—F rom the stones the mixture of hulled rice, rough rice, and 
hulls is elevated to the upper mill floor to be fanned. The fanning 
device is very similar in this case to the one used in removing the 
dust and weed seeds from the original rough rice. The same forced 
air that separates the hulls from the rice usually takes them to the 
fuel house near the boiler room, where they are eventually used as 


Fic. 4.—Typical paddy machines used in modern rice mills to separate the unbulled 1 rice 
(paddy grains) from the hulled rice in the process of milling. 


fuel for the mill, or, if they are not to be burned, to a grinding ma- 
chine, where they are prepared for the market. Practically all rice 
mills make use of the hulls as a source of power for heating the 
boilers. Analyses of many samples of the Honduras type of rice 
taken from the fans show how efficiently the loose hulls are removed 
in this machine. The average results are as follows: Hulled rice, 
81.9 per cent; rough rice, 17.2 per cent; and hulls, 0.9 per cent. 


Paddy machine-—The paddy machine is a device designed to sepa- 


rate the rough from the clean rice in the mixture, which has been. 
fanned practically free from hulls. Essentially it consists of a large 
inclined mechanically operated shaker, the surface of which is inter- 
rupted at regular intervals with small vertical metallic plates which 
divide the rice and aid gravity in making the separation. As the 
shaking proceeds the rough rice grains, being lighter, gradually move 
upward from the center feed and pass over the high side of the 
machine into a trough, while the heavier, hulled grains are collected 
under the lower side. The separation may be varied by changing 
the speed of shaking, the angle of incline of the platform, or the 
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rapidity of the feed. Four to six paddy machines are generally em- 
ployed in a mill of 600 barrels daily capacity. The structure and ar- 
rangement of two paddy machines are shown in figure 4. 

Table I shows the efficiency of the paddy machine in separating 
the unhulled from the hulled rice. In studying this table, it must be 
remembered that about 80 per cent of the rice passes out at the lower 
or clean-rice side of the machine. 


TABLE I.—Average results of analyses of four samples of the Honduras type of 
rice secured from the feed boxes of paddy machines and of corresponding 
samples from the troughs at the clean-rice and rough-rice sides. 


Rice (per cent) from— 


Product. SSS aaa 

Feed box. | Clean side. |Rough side. 

GG mM CO eee co ets = sisi em ies ome Se ete cecccemmaee os tee eee sacs 81.85 98. 98 16. 56 
IR OWE)D RICOS CR ess ROteE COE eee Hon ee REee DOO mer 5. Ie eee tS cer oh er 17. 25 1.02 77. 68 
ERTS parertpteeiet= <i cine Se creams = 12, S502 ois an Sete = vce tei ee eee OOM | Heereraers Bore 5. 76 


The rice from the rough side of the paddy machines is returned 
to a pair of small stones which are set close together, where the short 
kernels are hulled and then combined with the rice from the first 
stones. The rice from the clean side is now practically free from 
hulls, but the grains retain the thin brown bran layer as well as the 
eye, or germ, intact. 

Hullers—The name “huller,” given to the next machine in the 
milling process, is very misleading, because in reality this machine is 
used for removing the bran layer from the grain which has been 
hulled by the stones and freed from rough rice by the paddy machine. 
The word “huller” is universally understood in this connection in 
the rice industry, and hereafter when the word appears in this bulle- 
tin it will designate the machine which receives the rice from the 
paddy machine and scours off the outer bran layers. The name was 
probably inherited from the similar machine, the plantation huller 
already described, which removed hulls as well as bran. The modern 
huller is somewhat smaller but otherwise very similar to that already 
described, and six or seven machines are necessary in a 600-barrel 
mill. The grain from the clean-rice side of the paddy machine is 
conducted to the feed hopper of the huller and thence passes into 
the cavity of the machine. A part of the bran layer on the outside 
of the grain and most of the germ are removed, largely by scouring 
between the rough inside iron walls of the tapering cylinder and the 
grooved surface of the rapidly revolving core. Figure 5 shows the 
type of huller used in modern rice mills. In this machine the milling 
quality of the rice is put to a severe test and the grain much whitened 
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by the elimination of the brown exterior bran coats. In some mills 
the rice is passed through a second set of hullers. 

Bran reel.—The bran reel receives the product from the hullers 
and separates the rice from the powdery bran. This reel is com- 
posed of a large octagonal framework covered with fine wire screen, 
the square meshes of which are 14 per linear inch. The reel is set 
on a slight incline and its slow revolving motion takes the rice, which 
enters at the iene end, through its length of 9 feet in about 5. 
minutes. As the reel 
revolves, the rice con- 
_stantly falls from side 
to side and forces the 
bran through the wire 
covering. 

Pearling cone-—The 
pearling cone, which 
has recently been in- 
troduced in many mills 
to supplement the work | 
of the hullers, is essen- 
tially the same ma- 
chine that is used in 
the pearling of barley. 
The principal working 
part of the machine is 
a frustrum of a cone 
covered with a compo- 
sition stone; this is 
surrounded by a sieve 
mantle composed of 
close- meshed heavy 
iron wire. ‘The rice is 
fed from above _ be- 

Eh ons Ee tween the stone and 

Fic. 5.—A typical rice huller, showing its exterior construc- : : 
tion, belting, hopper, feed, milled rice, ete. the sleve and 1s thor- 
oughly rubbed before 
passing out at the bottom. The severity of the scouring is regu- 
lated by raising or lowering the stone, thus decreasing or increasing 
its distance from the wire screen. The best milling practice now 
approves the use of the pearling cone, because with its use the grain 
may be more gradually scoured than where the hullers alone are 
used and the breakage can also be kept lower. The loosely adher- 
ing bran resulting from the action of the pearling cone is removed 
from the rice in a bran reel. This bran is generally combined with 
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that removed by the hullers, but is occasionally mixed with the 
polish from the brush or even bagged and sold locally as rice meal. 

Brush and brewer's reel——The brush is the last scouring machine 
in the milling process. On account of the rapid feed necessary in 
securing the best results from the brush, the rice from the bran reel 
following the pearling cone is stored in large bins situated above the 
brush. This latter machine has already been described as the polisher 
of the mortar-and-pestle mill. In the modern mill it has been found 
advantageous to substitute pigskin for moose hide or sheepskin and 
to increase the speed of the machine. The very thin layer of bran 
which is rubbed off is forced through the surrounding screen as a 
light-brown powder, called rice polish. The rice kernel at this point 
is reduced approximately 10 per cent of its weight after the removal 
of the hull. As a rule, when a coating of glucose and talc is to be 
applied later in the process, the rice is not subjected to such a severe 
scouring in the brush as when it is to be sold as uncoated rice. From 
the brush the rice, containing all sizes from the most nearly perfect 
whole grains to the smallest particles, is passed into the brewer’s reel 
for the first step in grading. This reel differs from that which re- 
moves the bran only in that the wire screen covering has 10 meshes 
instead of 14 to the inch in each direction. The brewer’s rice which 
passes through the screen of this reel is never coated with glucose 
and talc, since its value is small and not increased by nea a process 
inv bie extra expense. 

Trumbles.—When the rice is to be coated with glucose and talc, as 
is generally done, it is transferred directly from the brewer’s reel 
to the trumble for this purpose. The trumble is a cylinder about 9 
feet long and 4 feet in diameter set on an incline of about 15° from 
the horizontal and revolved by a gearing on the outside. It is often 
provided with a steam pipe through its axis for raising the tempera- 
ture of the rice, to effect a higher luster in cold weather. The rice, 
together with the coating materials, is introduced at the higher end of 
the trumble, and the shiny appearance is produced on the grain as 
it moves slowly round and round and ultimately pours out at the 
lower end. To the inside surfaces of the trumble are fixed several 
small strips of wood, which carry the rice up the side and let it fall 
again as the cylinder revolves, thereby increasing the friction on 
the rice grains. Glucose of a good quality, which is generally heated 
and mixed with a small proportion of water, is fed from a tank in a 
constant small stream upon the rice as it enters the trumble. Talc is 
introduced at the same place by means of a screw feed connected 
with a supply box. The quantity of each coating material added is 
regulated by the miller to suit the quality of the particular lot of rice 
being milled. No other coating materials than those mentioned have 
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been observed in use in the mills of the United States. In some 
cases a second trumble without glucose and tale feeds supplements 
the work of the first, and it is generally conceded that the extra 
friction gives to the rice a brighter and more desirable luster. 

Table II shows the percentage of rice-coating material used in a 
largé number of mills in Louisiana, Texas, and Arkansas. The fig- 
ures given were calculated by ascertaining the daily output of the 
mills and the corresponding gallons or pounds of coating materials 
actually being applied. The considerable variation in the quantities 
of the coating material used, as shown in the maximum and minimum 
columns of the table, is due to the difference in the quality of the 
various lots of rice and to the interpretation of trade demand by the 
mill management. The averages show that the Honduras and Japan 
types of rices receive about the same quantities of coating materials, 
which approximate two parts of glucose and one part of talc per 
thousand parts of rice. 


TABLE II.—Glucose and tale added to milled rice. 


Glucose (per cent). Talc (per cent). 
Number 
Type of rice. or 
samples. axi- Mini- Maxi- Mini- 
Average.| mum. | mum. |4Ve!8e-| mum. | mum. 
ondurase 2. esac eee 29 0. 20 0. 46 0. 06 0. 07 0.30 0.02 
ABISEI) ~~ sscssacccsezese2ss50"= 8 -19 - 26 -09 | -09 - 20 05 


Grading machines—From this stage to the ultimate bagging the 
problems met with pertain to the grading of the clean rice. How- 
ever, if the rice is damaged or very inferior because of the presence 
of red rice, it is often bagged ungraded and sold as “line” rice. The 
shaker frame, which was the earliest device used for grading rice, is 
simply a framework, mechanically operated, which supports a set of 
inclined flat meta! screens. These screens are removable at will and 
are numbered according to the sizes of the round perforations in 
them. The unit of measure is a sixty-fourth of an inch; hence, a 
No. 8 screen has holes eight sixty-fourths of an inch in diameter. 
Shaker frames are still used in practically all mills, to aid in the 
grading work. In most cases a considerable proportion of the 
“fancy head” grade is removed on the screens before the rice goes 
to the cockle cylinder. 

If the quality of the rice being milled is exceptionally good an 
extra fancy head grade is made, which consists of the largest and most 
nearly perfect grains of the lot, with only a small percentage of broken 
particles. This commercial grade, if of the Honduras type, consists 
of that rice which does not pass through a No. 83 screen on the shaker 
frame, and, if Japan, a No. 74 screen. In passing the rice over the 
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screens of the shaker frame the small quantity of finely broken rice 
which failed of separation in the brewer’s reel or resulted from a slight 
breakage within the trumbles is removed through a No. 54 screen 
and combined with the other brewer’s rice. 

Long, revolving, cylindrical grading reels replaced in some cases 
the earlier shaker frames. Such a reel consisted of a framework 
divided equally into four sections, each of which was covered with a 
wire screen. The screens, which could be replaced, were of various- 
sized mesh, and by making substitutions the character of the sepa- 
ration could be fairly well controlled. Beneath each section was a 
trough to receive the rice which passed through the screen of that 
section. The grading reels are now used only to assist the more 
efficient cockle cylinders described in the following paragraph. 

The cockle cylinder is by far the most valuable and widely used 
device for grading rice. It is a form of the machine extensively 
employed in removing cockle from wheat previous to its milling, 
and has been in use for grading rice for about 10 or 12 years. It con- 
sists of a metal cylinder, the inside surface of which contains in- 
dentations stamped or bored in the metal. The cylinder is set on an. 
incline and propelled from the outside, and in action revolves around 
a supporting stationary axle, to which is also fastened an adjustable 
curved metal apron. The apron extends nearly across the diameter 
of the cylinder and throughout its entire length. The rice to be 
graded is introduced on the floor of the cylinder at its upper end. 
As the cylinder revolves, the smallest particles of rice fall into the 
depressions, are carried upward through a part of a revolution, and 
when above the suspended apron, they fall upon it. Since the apron 
receives all rice particles which are carried by the surrounding cylin- 
der above its edge, the size separation of the rice may be changed 
at will by adjusting the position of the apron on the axle and thus 
raising or lowermg the edge of the apron. Each cylinder is desig- 
nated according to the diameter of its depressions, which, as in the 
case of the flat metal screens, are expressed in terms of sixty-fourths 
of aninch. In most mills three cockle cylinders, Nos. 10, 12, and 14, 
are set up in the same framework and are operated together, and 
frequently two such sets are placed side by side in a double frame. 
It is the customary practice in milling the Honduras type of rice to 
conduct the ungraded rice from the shaker frame to the floor of 
cockle cylinder No. 10, which takes out the smallest particles and 
sends the remainder to cylinder No. 12 below. Broken grains of the 
next larger size are separated on the apron of cylinder No. 12 and 
the remainder goes down to cylinder No. 14, which performs its 
work in a similar way. The rice from the apron in cylinder No. 10 
is ordinarily bagged as the screenings grade of clean rice, the par- 
ticles from the aprons of Nos. 12 and 14 are mixed and sold as the 
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second head grade, and the remainder from the floor of No. 14 con- 
stitutes the fancy head grade. Each separated grade is conducted 
through a wooden chute to the first floor of the mill, where it is 
packed for the market. 

The above-described separations apply only to the Honduras type 
of rice. The Japan type is sorted in a similar way, except that all 
broken particles separated by the cockle cylinders are ordinarily 
mixed and sold as Japan type screenings, thus making three grades 
instead of four. 

Weighing and bagging machines.—All clean rice, except the brew- 
er’s rice and a small amount which is packed in cartons, 1s shipped 
from the mill in closely woven burlap bags, or pockets, of 100 pounds 
each. In many mills automatic machines for weighing the rice and 
sewing the filled bags have been installed with satisfactory results. 


EFFECTS OF MILLING ON RICE. 


It is the purpose of modern rice milling to free the grain from - 
hulls and then to scour and grade it so as to produce a maximum 
amount of the highly polished rice which, on account of its bright 
luster, seems to appeal to the trade. The scouring process, to be 
effective in removing the bran layers, is so severe that a large pro- 
portion of the rice grains are broken, the weight of the individual 
grains is materially decreased, and important chemical constituents 
are removed. 

MECHANICAL EFFECT. — 


METHOD OF ANALYSIS. 


A 25-gram portion of the thoroughly mixed sample was weighed 
out for the mechanical analysis. This was shaken on a nest of two 
flat metal screens with round holes six sixty-fourths and five sixty- 
fourths of an inch in diameter, respectively. The particles which 
passed through the larger holes, but remained on the screen with the 
smaller holes, were weighed and considered as one-third grain, while 
those which also passed through the smaller holes were classified as 
less than one-third grain. The remainder of the sample was then 
separated into three further sizes by hand picking with small for- 
ceps. The whole grains were first removed and the remainder 
divided into particles of more and particles of less than one-half 
grains of the average size occurring in the sample under examination. 
The weight of each of the five separations was then taken and the — 
results calculated to a percentage. The divisions, according to the 
size of particles, are therefore (1) whole grains, (2) three-fourth 
grains, (3) one-half grains, (4) one-third grains, (5) less than one- 
third grains. While these designations do not describe with abso- 
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lute accuracy the classes of separated rice, they will serve for com- 
parison and are more convenient for use in the tables which follow 
than exact descriptions could be. Furthermore, the ideas to be pre- 
sented are more readily grasped than if the separations were desig- 
nated merely by consecutive letters or numbers. The weight of 1,000 
kernels was determined by counting and weighing 250 of the whole 
grains, separated as previously described. 


BREAKAGE IN MILLING. 


Unfortunately no figures are available from the literature which 
show the breakage of rice in the mortar-and-pestle mills. It is 
asserted, however, that this breakage was surprisingly small, consid- 
ering the great weight of the iron-clad pestle. The decline in the use 
of these mills was undoubtedly due to other economic factors, such as 
their comparatively small daily output, considering the equipment 
involved, and their incapacity for fine adjustment to suit varying 
qualities of rice. 

The “ plantation hullers,” on the other hand, cause great breakage, 
especially to rice of the Honduras type. The writers have examined 
samples taken from one lot of the Honduras type and three lots of 
the Japan type milled in “plantation hullers.” Of the Honduras 
lot samples were secured of the partly milled grain and of the fin- 
ished product, while the samples of the Japan type all represent the 
finished milled rice. 

In Table III special attention is called to the excessive breakage of 
the rice. The action of the second hulling as well as the first is 
shown to be very disastrous to the whole-grain content. 


TABLE III.—Size separation of rice of the Honduras type milled in “ plantation 
hullers.” 


Grains (per cent). 


Milling stage. 
Three- One- | Less than 
Whole. | fourths. OMeHAlf-| thirg. one-third. 
Miienunsiaullin gees: ets ees 252k)... 25. a (a0 948240 WAY 44.1 7.0 4.2 
EMISHeMnproduCch sss fec. eee. lee ssl sc. sees. 9.6 8.8 38.8 24.8 18.0 


-Fifty-six series of samples of the Honduras type of rice were se- 
cured from big modern mills in all parts of the rice-growing belts 
of Louisiana, Texas, and Arkansas, representing various grades 
and qualities of rough rice. Table IV, which follows, has been pre- 
pared from the figures showing the mechanical analyses of these se- 
ries. The analytical results for the rough rice have been omitted 
from the table, as the figures are not easily comparable and have no 
particular bearing on the phase in question. 
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TABLE IV.—Size separation of samples of rice of the Honduras and Japan 
types from various milling machines in modern mills. 


Average of 56 series of the Honduras | Average of 25 series of the Japan type of 


type of grains (per cent). grains (per cent). 
Milling stage. ees Less 
/ Three-| One- | One- | than Three-| One- | One- | than 
Whole. |tourths.| half. | third. | one- | °l®-\tourths.| half. | third. | one- 
third third 
Paddy machine..... 74.35 8.76 | 15.33 1.16 0.40 | 92.38 2.38 4.38 0. 65 0. 21 
Hullers and pearling 
CONG Ss See asec 52.51 13.38 | 24.73 5.67 3.71 | 84.22 4.30 7.66 2.44 1.38 
Brush, brewer’s rice: : ; 
baleen Sa Ss Ae 49.96 | 13.56} 25.51 6.54 4.43 | 80.37 4.89 8.54 3.83 2.37 
Outi age 52.57 14.62] 26.28 Deal 1.42 | 82.52 4.84 8.96 2.88 80 
Drum ples = sass 51.69 14.44 27.18 5.49 1.20 | 82.57 4.70 8.29 3.61 | _ - 83 


The five points in the milling process at which these samples were 
taken are considered very significant. The first is rice from the 
paddy machine, and this shows the condition of the grain after the re- 
moval of its hull in the stones and the separation in the paddy ma- 
chine of the remaining portion of rough rice. This, then, is brown 
rice, retaining the bran coat and germ nearly intact. Naturally, the 
whole-grain content is comparatively large, but it has been found 
that badly sun-cracked rice often shows a considerable amount of 

breakage even at this point. 

The second line is rice from the hullers and pearling cone. Inas- 
much as the pearling cone performs the same work in some mills as 
is done by the hullers in others, the results are combined in the table, 
so that the figures show the condition after the final scouring oper- 
ation in each case, before the material goes to the brush. The severe 
scouring which the grain undergoes in these machines is clearly 
shown by the marked decrease in the percentage of whole grains 
from that of the previous line. It is at this stage that most of the 
breakage in rice milling occurs. 

The third line shows the rice after it has been scoured by the brush 
and still contains all the small particles of brewer’s rice. The fourth 
line gives the percentage composition after most of the brewer’s rice 
has been removed in the brewer’s reel. It is seen that the brush re- 
duces the whole grain content only about 24 per cent. On the other 
hand, a small increase in the percentage of whole grains naturally 
results from the removal by the brewer’s reel of the fine particles of 
brewer’s rice. 

The last line shows the ungraded rice as it leaves the trumbles, 
where it has been rolled and heated after having received in many 
cases an application of coating materials. A slight breakage has 
also occurred here. The rice grain normally is hard and brittle and 
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greatly subject to fracture by a rapid change in temperature. Care 
is used by the miller to shield, as far as possible, from currents of 
cool air or from cold metal the rice which has become heated in the 
brush or trumble. 

Twenty-five similar series of the Japan type of rice were secured 
and analyzed in the same way, and the results are also shown in 
Table IV. Breakage in milling rice of this type is seen to follow the 
same lines as shown 


PULLERS BRUSH SRUSH= 
for the H on d uras PADOK AND PEARL- BREWERS BREWERS TRUM-\ 
MACHINE ING CONE RICE IN FICE OUT BLES 


type, but less injury 
occurs, on account of 
the short, compact 
shape of the grain. 

Figure 6 illustrates 
the most important 
data given in Table 
IV. 


EFFECT OF WEIGHT PER 
THOUSAND KERNELS. 


Nine series of sam- 
ples of rice of the 
Honduras type and 
five series of the Ja- 
pan type from modern 
mills were analyzed 
to show the effect of 
the milling machines 
on the weight of the 
kernels. The whole , 


Seer © picked Fic. 6.—Diagram showing the decrease in the percentage of 
from a portion of whole grains in the Honduras and Japan types of rice 


each sample and the during the course of the milling process. 

weight of 250 whole grains ascertained in every case. From this 
the weight per 1,000 kernels was calculated. Attention is called to 
the marked decrease in weight of the kernels caused by the action of 
theehullers and pearling cone. Some decrease in weight is caused by 
the brush, and the slight increase after passage through the brewer’s 
reel is probably due to the removal at that point of a few of the 
smallest whole grains. The addition of the glucose and tale coating 
slightly increases the weight of the grains in the trumbles. A com- 


WHOLE GRAINS — PER CENT 


eile. 
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parison of the relative sizes or weights of the grains of the two types 
is clearly shown in Table V. 


TABLE V.—JHffect of various rice-milling machines on the weight per 1,000 
kernels of rice. 


Average weight of rice 
samples (grams). 


Milling stage. 
ee Japan type, 
: samples. 5 samples. 
Paddy machine: jo222 5. votes .oaec conc se cen ee een oe ee Ee eee aes 24,13 22.44 
Hullers and pearling cone )2 sss 465 sae see eee eee eee ee 22.80 | 21.50 
Brush, brewer’s rice: 
Teo oS cons De 2 dich Se ayers ole bn ee Ta eee oe bie eee Re ea 22.07 20. 20 
Out 22 Ss eee aaee Se ee ee ee eee ae eee he an 22.20 ~ 20.40 


Abinpbr nl NESS Sees Boos Se odeeossecececsses qe secee nee ae OSeose tee sssecoscsresaetoesce 22.35 20. 56 


Figure 7 illustrates the data contained in Table V and shows the 
gradual decrease in weight per 1,000 kernels of rice of the Honduras 
and Japan types as 


HULLERS BRUSH BRUSH “71: 
PAOOr AND PEAPL- BREWERS BREWERS TRUM- the milling process 
MACHINE ING CONE FRICE /N FICE OUT BLES 


proceeds. 


CHEMICAL EFFECT. 


Figures in Lou- 
isiana Agricultural 
Experiment Station 
Bulletin 24 (first se- 
ries), 1889, show the 
difference in chem- 
ical composition of 
one lot of rice at va- 
rious stages in the old 
mortar-and- pestle 
milling process in 
Louisiana. 

Similar results 


20 were obtained by 
Fic. 7.—Diagram showing the effect of various milling ma- MeDonnell (290i) , 


chines on the weight per thousand kernels of the Honduras oe 
and Japan types of rice. South Carolina Ag- 


ricultural Ex peri- 
ment Station Bulletin 59, on the product of a South Carolina mill of 
the same type. Apparently the scouring proceeded further, however, 
than in the case of the Louisiana mill. The analyses of both lots are 
shown in Table VI. 
The chemical analyses of samples of rice of the Japan type milled 
in a “plantation huller,” also given in Table VI, were made in the 
Bureau of Chemistry, Department of Agriculture, according to the 


WEIGHT PEF (000 HEFPNELS — GRAMS 
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methods of the Association of Official Agricultural Chemists. For 
better comparison, these results are also calculated to the moisture- 
free basis. They show that the product from the “ plantation huller ” 
is lower in percentage of ash, ether extract, and crude fiber than the 
rice from the old mortar-and-pestle mills, indicating a more thorough 
scouring of the grains in the huller. 


TABLE VI.—Chemical composition of samples of rice in various stages of milling 
and of different qualities. 


Constituents (per cent). 


Samnle analyzed Calculated to moisture-free basis. 


Mois- en Ether | Crude | Pro- 
extract.| fiber. | tein. 


ARE: Ether | Crude | Pro- 


extract.| fiber. | tein. 
MORTAR-AND-PESTLE MILL. 
Louisiana lot (Honduras 
type), 1889: 
OU PIITICOs -a.ce Seu Sots 10.95 | 5.45 2.58 9.28 7.44] 6.12 2.89} 10.42 8.35 
Other stages— 
From hulling stones.| 12.12 | 2.55 2.10 3.03 8.09 | 2.90 2.39 3.45 9.21 
Pounded= 25: 5..--:-!: 12.42 | 2.38 2.50 2.55 8.14} 2.72 2.85 2.91 9.29 
From cooling floor...| 12.75 - 82 1.05 212 7.74 94 1.20 83 8.87 
Clearances ene siee 12.85 73 38 47 7.52 83 44 54 8.63 
South Carolina lot, 1901: 
Rough rice (dried at 50° 
(CS ot ea eee ee eee 5.21 | 6.74 2.36 8.07 TON ee 2.49 8.51 7.59 
Polished rice— 
WV HOLGS ase tecnn ee 12.79 42 24 33 7.38 48 Ber 38 8.46 
<“Middling ? _ = 2-).5..- 13. 69 -40 43 .33 6.88 46 -49 38 7.97 
malta cose ees ns 13.92 51 73 -39 6.75 .59 84 45 7.84 
“PLANTATION HULLER.’’ 
Rice of the Japan type: 
Good quality..........-. 10. 28 30 -19 - 20 (Gao -33 apa! «22 8.64 
Hainquality):.s:--<------ 9.96 ~32 23 25 6.38 36 26 28 7.09 
PP EOONGUALILY: <= 5.<0---<< 10. 09 31 -19 2 7.00 34 -21 23 7.79 


Chemical analyses were made of four series of mill samples of 
Honduras rice and of three series of samples of Japan rice. These 
samples, which represent different grades of rough stock, were ob- 
tained in various parts of Louisiana, Texas, and Arkansas and are 
considered to typify the chemical effect of rice milling as now exem- 
plified in those States. Table VII gives the results of these chemical 
analyses. 


20 
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Taste VII.—Chemical composition of the Honduras and Japan types of rice 
from various milling machines of modern rice mills. 


Constituents (per cent). 


5 : Calculated to moisture-free basis. 
Type. ; & 5 a 
/ g Rlal|a_| & ws | © Tae 
| elas: oleae Se ee | = a 
Bf) ae Pe los ole SP eae Rega Sena iak ers ia 
I na S a = >) “a tA ial = n 
S = < a 1S) a am <4 As | oO | 
RICE OF THE HONDU- 
RAS TYPE. 
Series 1: 
Rough rice....-.- Pte S 555.265) 1579205 75389) Coli OsOSn elena lO eens on a oa9K, 
From paddy ma- 

Chine eas. .oS Seal ee aa 12.33 | 1.13 | 1.28 | 1.10 | 8.06 | 2.56} 1.29] 1.46] 1.25) 9.19] 2.92 
From hullers....-].------ 12.64 Fei!) -08 | .32 | 7.63 | 2.04 45 . 09 sey || tb 76) || 24833 
From pearling 

CONG see on a | Saeeeee 11.91} .35} .08] .32] 7.63 | 1.72 -40 09 .36 | 8.66] 1.95 
From brush, brew- 

OPS iG, CWliisssc|locsoses 10.80] .34] .24] .31]| 7.63} 1.98 38 27 -39 | 8.55] 2.22 
From trumbles, 

WINCORM AC Ss odocllcacecse IBIS] |) Bia | CAA Sat) |) weet) ils val 41 . 24 23 | 8.44] 1.94 

Series 2: : 
Rough rice.....-. 1| 10.81 | 5.75 | 1.48 | 9.16 | 7.66 | 6.21] 6.45] 1.66] 10.27] 8.59] 6.96 
From paddy ma- 

CHIN Ces ae sel Bee 12.40 | 1.31 | 2.00] .95 | 9.22] 2.61} 1.50] 2.28} 1.08 | 10.52] 2.98 
From brush, 

brewer’s rice, 

OUGs as oe See eee ee 12.26 | .35] .15] .35) 8.41; 1.91 -40 17 40} 9.59] 2.18 

Series 3: 
Rough rice....-.-. 1 | 12.42 | 4.63 | 1.31 | 7.00} 7.56 | 5.12] 5.28] 1.50} 7.99] 8.63] 5.85 
From paddy ma- 

Chinen aes Asse es|e aoe see 13.18 |] 1.21] 1.70] .78 | 8.75 |] 2.10} 1.39} 1.96 -90 | 10.08 | 2.40 
From hullers.....}--.---- 13.08 - 80 . 58 -46 | 8.12 | 1.68 -92 - 67 -53 | 9.34] 1.93 
From pearl- 

ibays (COCK codad|acaee 13.09 | .58] .47] .28] 8.12} 1.34 67 54 -32 |} 9.34] 1.54 
From brush, 

brewer’s rice, 

OUlt ras sperma | eeneee 13. 23 . 43 26 .19 | 8.43 | 1.40 -00 .30 52) |} O74 |) Gil 
From trumbles, : 

‘ umeoatedeas = =s|seenees 13.09 | .48] .28| .25) 7.93 | 1.35 55 32 -29'} 9.12 | 1.55 
Series 4: 
Rough rice..--.-- 5 | 10.49 | 5.97 | 1.96 | 9.58 | 7.31 | 6.10 | 6.67] 2.19} 10.70] 8.17] 6.81 
From paddy ma- 

Chine essai atraa | Memon e 11.38 | 1.06 | 2.20 | 1.14 | 8.25 | 2.39 1.20) 2.48] 1.29] 9.31] 2.70 
Hromvhullenss 2) |e-2- =. 11.96 . 40 -50 .38 | 7.63 | 1.99 -45 . 62 43 | 8.67] 2.26 
From brush, 

brewer’s rice, 

OUD Sey tee alee ae IAS |) 8B 68H) SBI || 77d || iSO .37 38 39 | 8.73 | 2.14 
From trumbles, 

coated. 2553| sees 11.16 .35 -33 .33 | 7.88 | 1.92 .39 237 .37 | 8.87} 2.16 

Average of the four 
series: 
HOU mICehe eres sees 11.27 | 5.40 | 1.58 | 8.67 | 7.48] 5.90} 6.08} 1.78) 9.79] 8.43] 6.65 
From paddy ma- y 

chine nee esse eeee ee 12.32 | 1.18 | 1.7 -99 | 8.57 | 2.42] 1.35] 2.05) 1.13 | 9.78] 2.75 
iromyhullersise=s| sear 12.56 -53 - 40 pe) le a) I eet) -61 - 46 44] 8.91] 2.17 
From pearl- 

ing cone,...- re) ees Reve hs 12.50; .47]| .28; .30] 7.88; 1.53 54 32 -34] 9.00} 1.75 
Hromubrusheee nese eens 11. 89 . 36 .20 -30 | 8.06 | 1.80 41 -28 34] 9.15) 2.04 
From trumbles...|...-..- 12.02 40 21 -26 | 7.75 | 1.66 45 31 30] 8.81} 1.88 

Loss,paddy ma- 

chine to trum- 
TOS BR ee eee aoe atecc.c| Stree cael ee Soe eel ee cel ene eee 66.00 | 85.00 | 73.00 | 10.00 | 32.00 
RICE OF THE JAPAN 
TYPE. 
Series 1: 
Rough rice......- 1 | 10.72 | 5.36 | 1.78 | 7.68 | 6.31 | 5.51 | 6.00] 1.99] 8.60} 7.07] 6.17 
From paddy ma- 

Ghine sae se sas eee es 11.96 | 1.13 | 1.92 | .86 | 7.09} 2.63] 1.28) 2.18 .98 |. 8.05] 2.99 
From hullers, ..-.|-..---- 12.20 | .81 | 1.32 -96 | 7.00 | 2.03 -92| 1.50 -64] 7.97) 2.31 
From pearl- 

ine COMCL ae ea WAL orl) G77 |) a8) 1) GB) |} TL, HS 58 65 -45 | 7.55] 2.13 
From brush, 

brewer’s rice, 

Oise oeereacec peaasae 12.17 29 - 09 .33 | 6.66 | 1.99 33 -10 388} 7.58 | 2.27 
From trumbles, ; 

Coated eae cee alee eee ae 12.27 -3L 26 -36 ' 6.16 ' 1.66 -30 - 30 -41! 7.02! 1.89 
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Taste VII.—Chemical composition of the Honduras and Japan types of rice 
from various milling machines of modern rice mills—Continued. 


Constituents (per cent). 


ns) ; Calculated to moisture-free basis. 
Type. : Fi lists ui 
o ay 2 g 2 
3 A aay (OE =a ee So ie El Se 
ro D : 5 1 gL 8 i as 4 x ag 
3 ‘a ‘I r= 5 5 A a ge | ae asl lata 
bw ~ : = oO n A = er & a 
1} a x ica iS) i- a < Ad | oO By ay 
RICE OF THE JAPAN 
TYPE—continued. 
Series 2: : 
Rough rice.....-- 3 | 11.15 |} 4.57 | 1.80 | 7.81] 7.00 | 5.73 | 5.14} 2.03] 8.79 7.88 | 6.45 
From paddy ma- 

TUG 5 EES eel ee aa 12.83 | 1.12 | 1.69 .96 | 7.81 | 2.60 1.28) 1.82 1.10} 8.96] 2.98 
rompers. 5-55. .<2 TSRO2N O60! S478 S407 -06) |e. Oo 64 54 -46 |} 8.23 | 2.20 
From pearl- 

Tha (00) 1 Geer roe) ee eeere 12.87} .36| .18| ..31] 7.06 | 1.94 41 Heal SOON SeLON |e 222 
From brush, 

brewer’s rice, 

(0 GRE eee) | aeeaee eee 12.41 231 - 40 .38 | 7.06 | 1.73 35 46 -43 | 8.06 1.97 
From trumbles, 

COO;EIN TS (es Beet eae tel 11.55 32 . 06 .34 | 7.19 | 2.12 36 07 -38 | 8.02} 2.40 

Series 3: 
Rough rice. .....- 5 | 11.27 | 5.48 | 1.65 | 8.30} 6.88 | 5.21 6.18 1.86 | 9.35] 6.96 5. 87 
From paddy ma- 

CHINES se Se see o ee tase 12.35 | 1.14 95 seal Oe Sell. Ol 1.30 | 1.08 82) 7.77 1.84 
From hullers,.---|--.---- 15. 87 ~12 - 20 .31 | 6.31 | 1.34 . 86 24 39 7.5 1.59 
From pearl- r . 

BY OT COMER sso 2 > |lats « ra%= © 14.55 -30 -18 | .16 | 6.12 -99 .39 SP -19 7.16 1.16 
From brush, 

brewer’s rice, 

Oo Sar eee ee Bese 13.88 35 16 IY | tee ty |e Ba 41 19 19)) 71k 1,29 
From trumbles, 

TMICOALEM ese ea lca cere 13.68 39 24 17 | 6.06 | 1.26 45 28 20 |° 7.02 1.46 

Average of the three 
series: 3 
iRioughirices.-2-2).--= Peele Od)| ont 0 74 7293 6.50] 5.48} 5.77] 1.96) 8.91] 7.30] 6.16 
From paddy ma- 

(Guitare Saal een 12.38 | 1.13 | 1.52 85 | 7.24 | 2.28] 1.29) 1.69 97 | 8.26 | 2.60 
Hromphullers 32-24). 932525. 13.70 | .70 66 | .42 | 6.82 | 1.76 -81 16 -00 | 7.90 | 2.03 
From pearl- 

pO mIPA@OTIOS «22/3 Salk 348 13.38 -40] .31 -29 | 6.59 | 1.60 - 46 36 33 | 7.60 1. 84 
From brush......]...... +12. 82 sol «22 .29 | 6.61 | 1.68 36 25 5883 |). fotts 1.84 
From trumbles...|.....-- 12.50} .34 .19 .29 | 6.47 | 1.68 .39 322 .00 | 7.35 1.92 
Loss, paddy ma- 

chine to trum- 

[eS ope ba ced Gee cette| Ee Ce ee emeseas) ermal Che snr Perse act yee 70.00 | 87.00 | 66.00 | 12.00 | 26.00 


A careful study of the averages of the Honduras type of rice, 
calculated to a moisture-free basis, is significant and interesting. 
The ash content is reduced very markedly when the hulls are re- 
moved, and one-half of the ash which remains is removed by the 
scouring work of the hullers. During the remainder of the process 
the decrease is gradual. The total loss by the scouring process, that 
is, from paddy machine to trumbles, is 66 per cent, or two-thirds 
of the ash of the hulled rice. 

The percentage of ether extract or fat is generally increased by 
the removal of the hulls, since the fat or oil is located principally in 
the eye, or germ, of the grain. However, if the stones are not prop- 
erly adjusted, it sometimes happens that a portion of the germ is 
broken off at this time, thereby causing the fat content of the hulled 
rice to be lower than that of the rough rice. The fat content of 
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the hulled rice is reduced more than three-fourths in the hullers, but 
through the remainder of the process the reduction is gradual and 
small. The total loss of fat in scouring is 85 per cent. 

The crude-fiber content of the rice is reduced 88 per cent when 
the hulls are removed, and 73 per cent of the remainder is lost dur- 
ing the process of scouring. 

_. The protein figure rises on the removal of the hulls, as was the case 

with the fat content. It is especially worthy of notice that only 10 
per cent of the protein present in the hulled grain is lost in scour- 
ing. This has already been explained by the fact that the protein- 

FICE FROM RICE FICE FROM FICE LE bearing aleurone layer 
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scouring and that the 
protoplasm which con- 
tains protein is dis- 
seminated throughout 
the starchy portion of 
the endosperm. 

_ Approximately 60 
per cent of the pen- 
tosan content is re- 
moved with the hulls, 
and 32 per cent of 
the remainder is lost 
during the process of 
scouring. 

The loss of the va- 
rious chemical ingre- 
dients of rice of the 
Japan type corre- 
sponds closely to that 
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Fic. 8.—Diagram showing the effect of modern rice milling é f ii f i 
machines cn the ash, ether-extract, crude-fiber, protein, 21VeN LOr that of the 
and pentosan content of rice of the Honduras type. Honduras type. 


Figures 8 and 9 illustrate the data contained in the averages of 
Table VII, calculated to.a moisture-free basis. 


MILLED RICE AND ITS BY-PRODUCTS. 


MECHANICAL ANALYSES AND MILL YIELDS. 


The grading devices employed in the modern rice mill permit the 
milled rice to be separated according to the size of the particles into 
almost any character of grades desired. Mill and trade practice, 
however, has outlined roughly six grades of the Honduras type and 
three grades of the Japan type, based entirely, or nearly so, on the 
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size of the particles or the percentage of whole grains. Several 
other factors affect the commercial value of various lots within the 
same grade. These factors in relative importance are (1) color, (2) 
proportion of grains damaged by heat or by insects, (3) presence 
of weed seeds, and (4) presence of unhulled, or paddy, rice grains. 
For the purpose of this paper, only the size separations will be 


considered. 
RICE OF THE HONDURAS TYPE. 


The commercial grades of the Honduras type of rice generally now 
made in the mills are (1) extra fancy head or triple-screened rice 
(made only when the 


] ] a £ FROM CE RICE FROM FICE FICE 
rough rice is of ex ice Ee PL 


FOUGHT PRADO FF°OM FEAALING FLOM FROM 
. FICE MACHINE HIULLERS CONE SRUSH TRUMELE 
ceptionally good qual- 
ity); (2) fancy head, 


or “head” rice; (3) 
second head rice; (4) 
screenings; (5) brew- 
er’s rice; and (6) line 
(ungraded) rice 
These designations 
are commonly used 
in rice mills, and less 
commonly by produce 
exchanges in their 
quotations. They are 
strictly trade terms in 
origin and in use and 
are not the result of 
any ruling by the De- 
partment of Agricul- 


ture. Fie. 9.—Diagram showing the effect of modern rice milling 
Th machines on the ash, ether-extract, crude-fiber, protein, 
e gr aded samples and pentosan content of rice of the Japan type. 


of rice which are 

about to be described were secured during 1912 and 1913 from all 
parts of the rice-growing sections of Louisiana, Texas, and Arkansas. 
They were obtained principally from mills, but a few came from rice 
brokers and other sources. Mechanical analyses were made of the 
samples secured, in the same way as previously described for the 
samples from the milling machines. 

The grade known as extra fancy head, also known as triple 
screened, is rarely made and is not one of the common commercial 
grades. The mill yield approximates 30 pounds per barrel of 162 
pounds of rough rice. The results of analyses of the samples of this 
grade are given in Table VIII. 
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Seventy-five samples of the fancy head, or “head,” rice, as it is 
also termed, were secured. The mill yield of this grade varies from 
45 to 85 pounds per barrel of rough rice, with an average of about 59 
pounds when no extra fancy head grade is made. The results of the 
analyses are given in Table VIII. 

Table VIII also shows that the second head grade is composed 
principally of half grains, but contains also a large percentage of 
three-fourths grains. The mill yield varies from 10 to 30 pounds per 
barrel of rough rice, with an average of 19 pounds. 


TABLE VIII.—Size separation of rice of the Honduras type. 


Extra fancy head, or} Fancy head, or 
triple-screened, grade ‘thead,” grade (75 Seog ee ade (48 
(9 samples). samples). : EES), 
Separations. 
Aver- | Maxi- | Mini- | Aver- | Maxi- | Mini- | Aver- | Maxi- | Mini- 
age. |mum.|mum.| age. | mum.|mum.| age. | mum. | mum. 
Whole grains...-.-. per cent.-| 89.96 | 96.80) 82.00] 81.28] 94.40] 42.80 1.82 7.60 0 
Three-fourths grains...do.-..| 8.49 | 14.40 2.40} 13.11 | 36.80 4.40 | 21.47 | 58.80 3.20 
One-half grains........ dow: 1.51 4.80 0 5.40 | 34.40 0 70.69 | 93.60 36. 00 
One-third grains......- dose. - 04 - 40 0 20 4.00 0 5.64 | 23.60 - 40 
Less than one-third grains, é 
(OS GR acosoosonasosecs 0 0 0 OL -40 0 38 1.60 0 
S) i de (48 B js de (53 - = 
Stains er a Be easy, ( Line grade (9 samples). 
Separations. 
* 
Aver- | Maxi- | Mini- | Aver- | Maxi- | Mini- | Aver- | Maxi- | Mini- 
age. |mum.|mum.| age. | mum./mum.]} age. | mum. | mum. 
Whole grains...... percent..| 0.71 7.60 0 0. 26 1.60 0 53.91 | 64.80 30. 80 
Three-fourths grains...do-..-. 4.23 | 24.00 0 ae 2.20 0 14.31 | 22.40 8. 40 
One-half grains........ do..--| 56.08} 81.20} 10.00 2.89} 26.40 0 27.25} 46.40 18. 80 
One-third grains. ....- do..--| 32.59} 63.60 7.60} 26.28} 81.80 2.40 4.00} 12.40 8) 
Less than one-third grains, 
DELICENte eases eee eae 6.39 | 44.40 0 70.35 | 97.60] 14.80 53 2.00 0 


The screenings grade contains principally half grains, but differs 
from second head rice in that it contains but few three-fourths 
grains and a large proportion of one-third grains. The mill yield 
varies from 5 to 25 pounds per barrel of rough rice, with an average 
of 15 pounds. The figures for this grade are given in Table VIII. 

The brewer’s rice grade contains the smallest particles of milled 
rice and is composed almost entirely of pieces less than one-third of 
a grain in size. The mill yield varies from 3 to 18 pounds per 
barrel of rough rice, with an average of 8 pounds. The results of 
the analyses are given in Table VIII. 

The mill yield of line rice approximates 89 pounds per barrel of 
rough rice, and the grade includes all the clean product except 
brewer’s rice. As would be expected, there is a very wide variation 
in the proportions of the particles of different sizes in this grade. 
Table VIII gives the results of the analyses. 
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RICE OF THE JAPAN TYPE. 


The commercial grades of the Japan type of rice generally now 
made in the mills are (1) fancy head, or “head,” rice; (2) screen- 
ings; (3) brewer’s rice. Samples of this type of rice were obtained 
from the same sources and the analyses performed in the same way 
as previously described for rice of the Honduras type. Fancy head 
rice is composed very largely of whole grains. The whole-grain per- 
centage is larger than in the corresponding grade of the Honduras 
type, because the shape of the kernels of the Japan type is more nearly 
round; consequently, there is a smaller amount of breakage. The 
mill yield of this commercial grade varies from 92 to 105 pounds per 
barrel of rough rice and averages 96 pounds. Table IX gives the 
analytical results for this grade. 


TABLE I1X.—Size separation of rice of the Japan type. 


Fancy head, or “‘head,’’| Screenings grade (18 Brewer’s grade (18 
grade (75 samples). samples). samples). 
Separations. 
Aver- | Maxi- | Mini- | Aver- | Maxi- | Mini- | Aver- | Maxi- | Mini- 
age. | mum. |mum.]| age. | mum. | mum.]/ age. | mum. | mum. 
Whole grains... .-- per cent..| 90.43 | 98.40} 76.40 4.58 | 18.80 0 0.93 | 11.00 0 
Three-fourths grains...do---. 3.95 } 15.60 1.20 | 11.89} 26.40 0 36 2.80 0 
One-half grains......-. do...-| 5.08 | 16.80 0 50.11 | 70.00 | 26.40 3.53 | 16.00 0 
One-third grains...:...do-..-. -50 2.80 0 30.30 | 54.80 3.20 | 29.11 76.40 1.80 
Less than one-third grains, 
GIN GONG Se seicsie esis oes aiciaie.x = . 04 - 40 0 3.12 | 12.40 0 66.07 | 98.20 16.80 


The only commercial grade of broken Japan-type rice used as such 
for food is that of screenings. The results of mechanical analyses 
given in Table IX show that it is very similar to Honduras screen- 
ings, but the yield is much smaller. In commercial practice the two 
are often mixed. The mill yield varies from 3 to 11 pounds per 
barrel of rough rice and averages 5 pounds. 

Japan-type brewer’s rice is not distinguished commercially from 
Honduras brewer’s rice, and the two are used interchangeably to 
supply the trade. The mill yield varies from 3 to 10 pounds per 
barrel of rough rice, with an average of 5 pounds. The analytical 
results from the samples of this grade are given in Table IX. 


BY-PRODUCTS. 


The mill yield of rice bran varies with the severity of scouring 
and the texture of the rice, and approximates 22 pounds per barrel 
of 162 pounds of rough: rice of the Honduras type and 20 pounds 
for the Japan type. Rice polish approximates in yield 6 pounds 
per barrel of rough rice for both the Honduras and the Japan 
types, but, like the bran, it varies considerably with mill practice and 
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the character of the grain. Rice hulls and the intangible mill loss 
together amount to about 83 pounds for rice of the Honduras 
type and 30 pounds for the Japan type. The hulls on the Honduras 
type of kernel are somewhat heavier in proportion than those on 
the Japan type of grain. 


Taste X.—Yield of cleaned rice by grades and of by-products obtained from the 
milling of 1 barrel of rough rice of 162 pounds. 


Average yield 
(pounds). 


Cleaned rice and by-products. = 
‘Honduras| Japan 


type. type. 
Fancy head) or “head? 22.25 go5- sarcasm ose en < eRe eee eee 59 96 
Sécond, head... .c Parske tiga ce see eee eee eco. eee eee Pe eels APRA RAR OSE 2 ILS) rI se ee ee 
Screenings . ks ysd ake ase aan Ble cose Seem Se eee See See ee eee eee 15 5 
Brewer's ric@e oes. 22.2 220 3 lee Se ee re SE hs SSeS 8 5 
Total cleaned rice... 2222. is see sree os 2 Aa a es ee eee eee 101 106 
22 20 
i 6 6 
Hfulls andimitling loss. 2ei fac mse eects tees see oe ee eee ee aa 33 30 
Total by-products and milling loss= 5 222. 935 aee = 2 ee eee eee 61 56 


Figure 10 illustrates the data given in Table X and shows the pro- 
portions of the various products resulting from rice milling. 


CHEMICAL ANALYSES. 


Table XI gives the chemical composition of the clean-rice products 
from the corresponding series recorded in Table VII. For com- 
parison, these results are also calculated to a moisture-free basis 
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Fic. 10.—Diagram showing the average yield in pounds of cleaned rice, by grades, and of 
by-products obtained from the milling of a barrel of rough rice of 162 pounds. 


and averages have been made for each commercial grade. The figures 
are practically the same as those already given for the composition 
of the ungraded rice from the trumbles in each corresponding series. 
Attention is called to the slightly smaller percentage of ash, ether 
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extract, and crude fiber in the higher than in the lower or broken- 
rice grades of both the Honduras and the Japan types of rice. The 
protein figure for the milled rice of the Honduras type appears to 
be somewhat higher than that for the Japan type. This may be due 
to the greater length of the grain of the former and the consequent 
greater surface of the kernel, and therefore to the larger surface area 
of the protein-bearing aleurone layer. As previously stated, a con- 
siderable portion of this layer remains on the grain after milling. 


TABLE XI.—Chemical composition of samples of milled graded rice of the 
Honduras and Japan types wm series corresponding to those in Table VII. 


Constituents (per cent). 


Calculated to moisturc-free 
Type and series. Eth Pen ESS 
Mois- Ken ed Crude} Pro- tee 
(EER: tract.| fiber. | tei. | cans, Etherlonudel Pro- | PeD- 
Ash.| ex- Fagan. lena. | ee 
tract. 9 * | sans. 
RICE OF THE HONDURAS TYPE. 
Series 1: 
Fancy head, uncoated ...-.-. 12.05 | 0.33 | 0.17 | 0.21 {| 7.69 | 1.94 | 0.38 | 0.19 | 0.24 | 8.74 2. 20 
Second head, uncoated.....| 11.92] .33 | .17] .26 | 7.31 | 1.94 37} .19 30 | 8.30 | 2.20 
Screenings, uncoated. ...---. 12.32 | .48 | .22) .25) 7.31 | 1.91 55 | .25 28 | 8.34 | 2.21 
IBKOWOMS FICC! bike a sad-s--: 11.13 | .65] .26) .30 | 7.50 | 1.85 73 29 34 | 8.44 | 2.09 
Series 2: 
Fancy head, uncoated ....-. 12:49 | 31 | .28 || 284 18575) 1.73 35 | .32] .39 |10.00 | 1.98 
Second head, uncoated. -.--. 12.01 | .380| .35}] .33 | 8.31 )}1.54) .384] .40 | .37 | 9.44] 1.75 
Screenings, uncoated. ....-. 12.75 | .34] .37] .30 | 8.38 )1.98 | .39) .42 34 | 9.60 | 2.27 
Brewer’s rice...-.-.-------- | 12.48) .41 |) .21] .41) 8.10 )1.81 | .47 24 47 | 9.26 | 2.07 
Series 3: 
Fancy head, uncoated...--- 12532) 09 | 524) 2USaase 450 44 27 27 | 9.61 | 1.65 
Second head, uncoated. -... 12.14] .44|] .27| .24|8.06]1.24) .50 31 27 |9.17} 1.41 
Screenings, uncoated. ...-... 13.46 | .60 | .29] .24/ 7.75 |1.44] .69 33 28 | 8.96 | 1.66 
IBEOWEISITICO 4. --- ce ee 13.64 | .88 | .37 | .34 | 8.12 | 1.54 | 1.02 43 39 | 9.40 | 1.7 
Series 4: 
Fancy head, coated.....-..-- 11.66 | .34] .23] .30| 7.88 }1.79} .38 | .26 34 | 8.92 | 2.03 
Second head, coated.....--- 11.75 . 39 . 28 .d0 | 7.0L | 1.95 | .44 «32 37 | 8.85 | 2.21 
Screenings, coated......-..-- 12.48] .46 | .46] .33 | 7.31 )1.86 |] .53 | .53 38 | 8.35 | 2.13 
Brewers rice. ..22-.-------+ 11.78 | .53 | .48] .43 | 7.50 | 2.03} .60| .54 49 | 8.50 | 2.30 
Average of the four series: 
Manevaneades 2.226 2c5e2\s TOS Resa) 22a ieee Oe Om Le (Onliee.oO nl aon SON Ova2 ty noi 
Second head................ WMeIGs|eeson |les27 eleeecOmlecia PLO) e40 iierols | eescan| SOA! elas 
SCTECMIN GS) 28 esse ec ae 12.75 | .47 | .34] .28 | 7.69 | 1.80 54 | .38 BPA El | BAU 
IBEGWELSIEICOl =... jo -cca ce 12.26) .62] .33 |] .37 |} 7.81 | 1.81 715) 238 42 | 8.40 | 2.06 
RICE OF THE JAPAN TYPE. 
Series 1: 
Head, coated: 2256... 12. 24 34 .18 .33 | 6.22 | 1.77 39 - 20 38 | 7.09 | 2.02 
Screenings, coated.......... 12.37 | .389 | .22| .377| 6.25 | 1.69 45) 225 42 | 7.13 | 1.93 
Brewer’s rice. ..-.......---- 12712 | .39 |} .30| -39 | 6.16 | 1.70 44] .34 44 | 7.01 | 1.93 
Series 2: 
Head, coated............... LON al eso) men lamcom | kOaton | le CON her so! | eS 40 | 7.72} 2.15 
Screenings, coated.........- 12.23 | .46 | .13 |] .386 |6.94])1.86] .52] .15 41 | 7.91 | 2.12 
Brewer’s rice...--...--..-.- 12.70} .42) .08} .31 | 6.69/}1.81 | .48] .09 36 | 7.66 | 2.07 
Series 3: 
ead: coated. - <=. 4-...2-.- US 4el 44 22h eed Salponse itl. og lee. bin |i ees 21 | 6.82] 1.68 
Screenings, coated.........- 13. 94 - 00 .33 -19 | 6.44 | 1.60 . 58 -38 22 | 7.49 | 1.86 
IBNEWOEL/SILICO = 2fe:- = 22 ets c<-nins P2EGal 415) sob leete ee OOult L40) |e 47) | sos 27 | 8.02] 1.60 
Average of the three series: 
Head... S55 CHC PROC ae oe SES 12.72.) .37 -16 29 | 6.29 | 1.70] .42] .18 .o8 | 7.21 1.95 
PELCCMIN PSS soo one's meio cme = ae 12.85 | .45 | .23) .31 | 6.54]1.72| .52| .26] .35 | 7.51 | 1.97 
IBTOWELS TICO. - .2: -\-2-----% 12.538 | .41 | .24] .31 | 6.62]1.64] .46|] .27]| .36] 7.56 | 1.87 
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It is evident from a study of the milling process that no important 
variation in chemical composition in the rice, except for the addition 
of a small percentage of glucose and tale, takes place after the grain 
leaves the brush. It is at this point that the distinction is made 
between coated and uncoated (erroneously called polished and 
unpo}jished) rice. The former receives an addition of a small 
amount of glucose and talc in the trumbles, while the latter is bagged 
without such a coating. The fact should be kept in mind that these 
two products are entirely different from the brown rice from the 
paddy machine, both in appearance and in chemical composition. 
The greater proportion of ash, ether extract, crude fiber, protein, and 

pentosans found in 


HONOUR AS -TEFPPE FICE brown rice as com- 
y) 


had Ati 


W586 : pared to the quantity 
SPRL REG ems in the corresponding 
CRUDE FIBEP esau milled rice, is graph- 
PROTEIN __——__mmmmmmes 3 222* ically shown in fig- 
PEN TOSANS pe 7S) E57 % ure ll, prepared 
PIS IEE from data given in 
ASH mae 29 % Tables VII and XI. 

ETHER EXTRACT Wag O° CHEMICAL ANALYSES 

CRUDE. FIBEF? loi, * OF BY-PRODUCTS. 
a . : 

eis eee Rice hulls are now 


considered of little 
CO BROWN AICE, HULL RPEMNOVED 


GBC HEAD MILLED RICE value, if not posl- 


Fic. 11.—Diagram showing a comparison of the chemical com- tively harmful, as a 
position of brown rice from the paddy machine with that stock feed. There is 
of the corresponding fancy head grade of milled rice. ope 

a limited market for 


them as a packing material at about $4 per ton, but by far the greater 
portion is burned to furnish power for the rice mills. 

Rice bran, when fresh and free from hulls, is an excellent stock 
feed, but on account of its high fat content it is liable to become 
rancid and therefore unpalatable to cattle in warm weather. It is 
also frequently attacked by weevils and other insects if stored in 
warehouses infested by them. 

Rice polish is a highly nutritious flour and is used in the United 
States as a stock feed. Like bran, it is susceptible to insect attack 
and becomes rancid in a warm climate. 

The accumulation of weed seeds mixed with small amounts of . 
rice and sweepings from the mill is generally sold locally as chicken 
feed. Such material may amount in exceptional cases to 15 per cent, 
but the usual figure is probably less than 1 per cent. 
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Table XII gives the chemical composition of samples of rice hulls, 
bran, and polish secured by the writers at various mills. Attention 
is called to the very high content of ash, crude fiber, and pentosans 
and the corresponding low figure for ether extract and protein in 
rice hulls. 


TABLE XII.—Chemical composition of rice hulls, bran, and polish. 


Constituents (per cent). 


| 
By-product, type, and Calculated to moisture-free basis. 
ee: Mois- AGh ped Crude} Pro- | Pento- | 
ture. ; fiber, | tein. | sans. Ether Pen- 
tract. Crude} Pro- 
Ash. | e€X- | fiber, | tein. | .t- 
tract. , * | sams. 
Hulls: 
Honduras No.1. 6.96 | 20.73 | 0.22 | 42.00} 1.56 | 20.24 | 22.28 | 0.24 | 45.14 1.68 | 21.75 
WOR esc awe tas 6. 28 | 16. 67 78 | 29.98 | 3.56 | 16.11 | 17.79 83 | 32.00 | 3.80 | 17.19 
Japan NoONbi.-2.55. 6.12 | 20.10 86 | 36.08 | 2.69 | 18.14 | 21. 41 92 | 38.43 2.86 | 19.32 
A-Verage.....------ 6.45 | 19.17 62 | 36.02 | 2.60 | 18.16 | 20.49 66 | 38.52 | 2.78 | 19. 42 
Bran 
Honduras INOP lescee 9.32 710.79 | 8.53 | 12.49 | 13.13 | 10.16 | 11.90 | 9.41 | 13.69 | 14.48 | 11.20 
Beason aces 2 9.91 | 10.37 | 12.77 | 10.92 ; 18.69 | 9.74 | 11.51 | 14.17 | 12.12 | 15.19 | 10.81 
Japan’ INGaiss=se523 9.39 | 11.33 | 15.13 | 12. 54 | 12.81 | 11.40 | 12.50 | 16.70 | 13.84 | 14.14 | 12.58 
Average..---...--- 9.54 | 10.83 | 12.14 | 11.95 | 13.21 | 10.43 | 11.97 | 13.42 | 13.21 | 14.60 | 11.53 
Polish: ; 
Eloudires INOS 22 7.88 | 5.71 | 10.97} 3.74] 12.56} 4.58) 6.23 | 11.91 4.06 | 13.63 4,97 
Sie farswars -----| 8.67] 7.02] 10.70} 2.82 | 13.06) 4.37 7.69 | 11.72 | 3.09 | 14.30} 4.78 
nepali: INOME SES 25. 10.03 | 4.96} 10.30 | 1.68 | 11.56] 3.59] 5.51 | 11.45) 1.87] 12.85} 3.99 
Japan No. 5. Sie = = == HB Nb ae lOM Meee 2e0%. |MLe2ou lee 92 l! (O.d2| ee S80: || e200 |Z 24e 23 
Average... ein =- =~ = 8.49 5. 84 9. 81 2.65 | V2511 4.12 6.38 | 10.73 2.89 | 13. 23 4. 50 
SUMMARY. 


During the past quarter of a century the important rice-growing 
area of the United States has shifted from the South Atlantic 
coast to the Gulf States west of the Mississippi River and to the 
prairies of Arkansas. Of the 1913 crop, valued on the farm at 
$22,090,000, approximately 45 per cent was grown in Louisiana, 38 
per cent in Texas, and 15 per cent in Arkansas. Greatly increased 
production has been accomplished by the enlargement of mills and 
the improvement of milling methods. 

The rice grain from the farm is covered with a hard, siliceous 
hull. The hulled grain contains a germ, or embryo, located near one 
end, and is covered with a light-brown bran coat which, when exam- 
ined under the microscope, is found to consist of seven layers. Dur- 
ing the process of milling, the hulls, the germ, six of the bran layers, 
and a portion of the seventh are removed. 

A study of the evolution of rice milling in the United States shows 
that the farm method of pounding the grain in a wooden mortar 
with a pestle by hand was the earliest process. This was succeeded 
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by milling plants employing mechanical power for operating the 
machinery. Mortars and pestles were enlarged, and screens, fans, 
polishing brushes, and hulling stones were introduced. In Louisiana 
small iron “ plantation hullers” were used to scrape or scour off the 
hulls and the bran coats in a single operation. 

With two or three exceptions, the 55 modern rice mills of the 
United States in operation in 1914 were located in Louisiana, Texas, 
and Arkansas. Various complex machines clean and scour the rice 
and prepare it for the market. Screens and fans remove the foreign 
material from the rough rice, which is then hulled between large re- 
volving stones. Fans blow out the loose hulls and paddy machines 
separate the grain not hulled by the first treatment with the stones. 
Hullers, pearling cones, and brushes scour from the hulled grain the 
light-brown bran coat, which is separated in a powdery form through 
fine wire screens. In the trumbles the rice often receives a coating 
of glucose and tale approximating two-tenths of 1 per cent of the 
former and one-tenth of 1 per cent of the latter. The coating mate- 
rials and the friction in the trumbles produces a bright luster. Grad- 
ing the milled rice according to the size of particles is effected by 
shaker frames fitted with screens having perforations of various 
sizes; by reels, the sections of which are covered with wire of differ- 
ent sizes; and by cockle cylinders, which in revolving pick up the 
broken pieces in depressions in their inner surfaces and deposit them 
upon an inclosed apron suspended from the stationary axle. The 
various grades are bagged separately in pockets of 100 pounds each. 

Excessive breakage occurs when rice of the Honduras type is milled 
in a “ plantation huller,” and the finished product may have less than 
10 per cent of whole grains. The Honduras type of rice milled in 
a modern plant is broken to a considerable extent during the scouring 
process, which reduces its whole-grain content from 75 per cent as it 
leaves the paddy machine to 50 per cent as it leaves the brush. The 
_ Japan type of rice, on account of its shape, 1s broken to a less extent, 
and under similar conditions averages 92 per cent and 80 per cent, 
respectively, of whole grains. 

Approximately 10 per cent of the weight of the rice kernels of both 
Honduras and Japan types is removed by the scouring off of bran 
coat and germ. In other words, the average weight per thousand 
kernels of rice of the Honduras type is reduced from 24.1 to 22.8 
grams by the action of the hullers and pearling cone, and then to 22.1 
grams by the brush. The hullers and pearling cone reduce the weight 
of the grain of Japan rice from 22.4 to 21.5, and the brush further re- 
duces the weight to 20.2 grams. 

Chemical analyses show that the old mortar-and-pestle mills re- 
moved a somewhat smaller proportion of ash, ether extract, and crude 
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fiber from the grain than was the case with the “ plantation huller ” 
or than is done in the modern mill. 

In the modern mill the brown rice from the paddy machine loses a 
considerable proportion of certain of its constituents in its passage 
through the scouring machines. There is thus removed from the 
brown rice about 70 per cent of its ash, 85 per cent of its fat or oil, 
70 per cent of its crude fiber, 10 per cent of its protein, and 30 per cent 
of its pentosans. 

The grading of milled rice is based largely on the percentage of 
whole grains or the size of particles. The four commercial grades of 
the Honduras type of rice generally made are (1) fancy head, or 
“head,” (2) second head, (3) screenings, and (4) brewer’s rice. 
Other grades sometimes made are extra fancy head, or triple-screened, 
and line rice. The whole-grain content of the fancy head grade 
averages about 80 per cent and its mill yield 59 pounds per barrel of 
rough rice. Second head, screenings, and brewer’s rice are largely 
broken grains of different sizes, and their average yield is 19, 15, and 8 
pounds, respectively. 

Three commercial grades of the Japan type of rice are generally 
made. These are (1) fancy head, or “head,” (2) screenings, and 
(3) brewer’s rice, with mill yields approximating 96, 5, and 5 pounds 
per barrel, respectively. The fancy head grade averages 90 per cent 
of whole grains; the other grades are similar to the corresponding 
separations produced from the Honduras type of rice. 

The mill yield of rice hulls approximates 30 pounds, of rice bran 
20 pounds, and of rice polish 6 pounds per barrel of rough rice. 

Chemical analyses of the several samples representing various 
commercial grades of rice show a slightly smaller percentage of ash, 
ether extract, and crude fiber in the higher than in the corresponding 
lower or more broken grades of both Honduras and Japan types of 
rice. The percentage of protein in the milled Honduras type of rice 
appears to be somewhat higher than that in milled Japan rice. 

Rice hulls contain but little ether extract or protein, but are very 
high in ash, crude fiber, and pentosans. Bran and polish are rich in 
fat and protein, and when fresh and not adulterated with hulls are 
considered an excellent stock feed. 
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INTRODUCTION. 


There is a large bearing acreage of prunes in the district adjacent 
to Salem, Oreg., as well as in the Willamette Valley generally, and 
during the last few years there has been planted a considerable 
acreage of cherries. As a general rule, the prunes are nearly all 
evaporated, while the cherries are usually canned or put up in bar- 
rels for maraschino purposes. Only a small percentage of the cherry 
crop is evaporated. The economic and crop conditions are such that 
during certain seasons it would be a distinct advantage to market a 
portion of the crop in a fresh state instead of evaporating or can- 
ning almost the entire product, as is the case at the present time. 
Many attempts have been made to ship both fresh prunes and cherries 
to eastern markets, but with indifferent success. Great difficulty has 
been encountered in shipping from this section for any considerable 
distance any of these fruits in a green state. 

The problem is rendered particularly difficult and acute because of 
the very humid climate of this section and the frequent rains during 
both the cherry and prune harvesting seasons. The Willamette Val- 


1B.-B. Pratt and A. W. McKay, formerly pomologists in fruit handling and storage 
investigations, and G. M. Darrow and G. W. Dewey, of the Office of Horticultural and 
Pomological Investigations, were all actively engaged in the prosecution of these inves- 
tigations. 


Norre.—This bulletin will be of interest to fruit growers in the Willamette Valley and 
similar sections. 
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ley is on the west side of the Cascade Range, and the climate is con- 
siderably more humid than in most of the other fruit-producing 
sections on the Pacific coast. Because of this humid climate and the 
frequent rains during the harvesting season, both cherries and prunes 
may split or crack badly before or at maturity, and oftentimes they 
are attacked by brown-rot, so common in peaches and stone fruits 
in different sections of the country. 

During the season of 1911 an investigation of the relationship of 
handling and precooling to the behavior of sweet cherries and prunes 
in transit to the market was commenced at Salem, Oreg. The work 
was undertaken in response to urgent requests from the Salem Fruit 
Union, a cooperative marketing organization of growers at that time 
handling most of the prunes grown in this district, as well as most 
of the cherries marketed in a fresh condition. The Department of 
Agriculture had the hearty cooperation of the members of this asso- 
ciation and the growers generally. The Salem Fruit Union con- 
structed in their warehouse at Salem a small precooling plant de- 
signed by the department. This plant was put at the disposal of the 
department, giving most excellent facilities for experimental work 
in the handling and precooling of various deciduous fruits. Because 
of the cooperation mentioned and the facilities offered in the way of 
precooling equipment, Salem was considered an ideal place for ex- 
periments in both the handling and precooling of such fruits as 
prunes and sweet cherries. 


PURPOSE OF THE INVESTIGATIONS. 


The investigations were planned with a view of ascertaining pri- 
marily the relation of two factors, handling and precooling, to the 
decay of these fruits in transit and on the market when shipped in 
a fresh or green state. The term “green” in this discussion is used 
to designate fruit shipped fresh, in contrast to fruit canned or evapo- 
rated. Ifa considerable proportion of the crop could be successfully 
_ shipped in this way during certain seasons, it would tend greatly to 
steady and stabilize the industry and permit its further profitable 
extension. The results would also indicate the important. relation- 
ship of methods of handling to the decay of such fruits in transit 
and on the market, no matter where grown. 

During the seasons of 1911 and 1913, the two seasons during which 
these investigations were carried on, the conditions were extremely 
unfavorable for green-fruit shipping, frequent rains interrupting 
both the sweet-cherry and prune picking during the harvesting sea- 
sons. The results obtained, however, particularly from the careful- 
handling experiments, are entirely consistent with the previous re- 
sults of the department’s fruit handling and transportation investi- 
gations, While the work in the Willamette Valley did not extend 
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over aS Many seasons as is usually considered desirable in order to 
warrant definite conclusions and recommendations, the marked and 
consistent results obtained, in spite of extremely unfavorable weather 
conditions, are considered of more than ordinary value and import- 
ance. The results of the experimental work with both cherries and 
prunes serve further to corroborate the results of similar work with 
oranges, lemons, apples, pears, red raspberries, peaches, and pine- 
apples, and to emphasize the great importance of the most careful 
handling in preparing fruit for shipment.t 


OUTLINE OF THE EXPERIMENTS. 


Both careful-handling and precooling investigations were con- 
ducted with sweet cherries and prunes during the season of 1911. 
The work with prunes during the season of 1913 was confined largely 
to the precooling of carefully handled lots, there being no comparable 
commercially handled lots of fruit for purposes of comparison, as 
rainy weather during the harvesting season rather discouraged fresh- 
fruit shipments, especially as the prices prevailing for evaporated 
or dried fruits were eminently satisfactory. On account of the 
impracticability of securing a consignment of any definite number 
of cars to any one market, actual shipping experiments had to be 
omitted during both years, and all experimental series were held in 
an iced car at Salem. 

Everything possible was done to make the conditions in the refrig- 
erator holding car comparable with the conditions existing in fully 
loaded cars in transit, but even with the most careful attention to 
the details of icing, of placing the fruit in racks at different heights 
from the floor to obtain various desired temperature conditions, and 
of other precautionary measures, the general temperature conditions 
in the holding car were probably more favorable to the fruit than 
they would have been under actual transit conditions. The non- 
precooled fruit cooled more quickly and the ripening processes and 
the development of mold fungi proceeded more slowly in the hold- 
ing car than would have been the case if shipped in a fully loaded 
and iced refrigerator car. In view of these facts, the results 
obtained may be considered even more impressive, as it is reasonable 
to expect that differences between carefully handled and ordinarily 
handled fruit would be even greater under actual shipping condi- 
tions than those found in a stationary, partially filled, iced refrig- 
erator car. The differences between precooled and nonprecooled 

1 Powell, G. H., and others. The decay of oranges while in transit from Calitornia. 
U. S. Dept. Agr., Bur. Plant Indus. Bul. 123, 79 p., 26 fig., 9 pl. (2 col.), 1908. 

Stubenrauch, A. V., Ramsey, H. J., Tenny, L. S., and others. Factors governing the 
Successful shipment of oranges from Florida. U. 8. Dept. Agr. Bul. 63, 50 p., 26 fig., 
15 pl. 1914. 


’ Ramsey, H. J. Factors governing the successful shipment of red raspberries from the 
Puyallup Valley. U.S. Dept. Agr. Bul. 274, 37 p., 26 fig., 1915. 
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fruit certainly would be much greater under transit conditions than 
under the holding conditions described. 

The cherries were held in the iced car for lengths of time approxi- 
mating transit periods of 5,10, and 15 days. Inspections were made 
at withdrawal, and again 2 and 4 days after withdrawal. The 
prunes were inspected after holding periods of 10, 15, and 20 days 
in a refrigerator car, and again 2, 4, and 6 days after withdrawal 
from the car. 

CAUSES OF DECAY IN TRANSIT. ~ 


The losses caused by the decay of cherries and prunes in transit are 
due primarily to fungi gaining entrance through mechanical abrasions 
in the skin or other injuries and to brown-rot (Sclerotinia fructi- 
gena). In general, these may be divided into two groups: (1) The 
fungi which have not the power to penetrate the sound, unbroken 
skin of fruits, but depend entirely upon injuries or mechanical abra- 
sions for entrance, and (2) the fungi which can attack and cause the 
decay of sound fruit, either on or off the tree. An instance of the 
latter is the brown-rot, which, during certain seasons, is very serious 
on stone fruits. The investigations during the seasons of 1911 and 
1913 show that this fungus is the cause of serious losses in transit, 
both in cherries and prunes, and the prevention of such losses must 
necessarily be dependent upon proper and effective orchard sanita- 
tion and spraying practices.1 

The most common fungi gaining entrance through injuries and 
mechanical abrasions and causing serious losses in transit are the 
common gray mold (Botrytis) and blue mold (Penicillium). These 
two fungi are responsible for most of the losses, aside from those 
occasioned by brown-rot. They gain entrance either through me- 
chanical abrasions or injuries made in picking, hauling, and packing, 
or through cracks and splitting in both cherries and prunes by reason 
of rainy weather just prior to or at harvesting time. These fungi 
are dependent upon injuries or breakages of the skin for entrance; 
hence, the remedy obviously lies in the handling of the fruit in such 
a way as to prevent bruising and injury and in the careful grading 
out of all cracked or split fruit at the time of packing. 


CHERRY INVESTIGATIONS. 
DESCRIPTION OF COMMERCIAL HANDLING METHODS. 


As previously stated, the greater part of the cherry crop in this 
section is either canned, put up in barrels for maraschino purposes, or 
evaporated. Under ordinary conditions of handling, either for the 

1 Jackson, H. 8. Diseases of drupaceous fruits.—Brown-rot of stone fruits. In Oreg. 
Agr. Exp. Sta., Bien. Crop Pest and Hort. Rpt., 1911-12, p. 248-250, fig. 3, 1912. 


Bailey, F. D. Experimental spraying of prunes for control of brown-rot. In Oreg. 
Agr. Exp. Sta., 2d Bien. Crop Pest and Hort. Rpt., 1913-14, p. 241-244, 1915. 
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purposes enumerated or for fresh-fruit shipment, the cherries are 
picked into pails, or buckets, of various sizes and types. Five- 
pound pails and 10-pound buckets are the most common, some of the 
buckets now in use having canvas bottoms as an added protection to 
the fruit, both in picking into the pail and in emptying into the 
field box. The pickers are paid by the pound, and as most of the 
fruit goes to the canneries or is intended for maraschino firms, not 
any too much care is exercised in picking. The cherries are grasped 
by the pedicel, and in the course of picking considerable bruising 
results from the holding of several in the hand before placing them 
in the pail or box. The fruit is emptied from the picking pail into 
boxes holding approximately 50 pounds and in these is hauled to the 
cannery or packing house. 

Fruit for shipment is ordinarily packed in the standard 10-pound 
cherry box with two compartments, each about 10 inches square and 
21 inches deep. The box is first faced with two layers of cherries 
diagrammatically arranged according to the size of the fruit, the rest 
being simply filled in. In putting in the facing layers, the fruit must 
be packed very firmly and tightly. The facing operation often re- 
sults in breaking the internal structure of the cherry and in much 
bruising, which later develops into serious decay. Up to the present 
time this territory has seldom had enough fresh cherries in good 
condition to warrant car-lot shipments, and for that reason most of 
the fruit is sent out in small lots to the near-by cities, to points in 
California, and to markets occasionally as far east as Denver. The 
pony refrigerator is not used to any extent, and nearly all the fruit 
is shipped without refrigeration. 

CAREFUL-HANDLING EXPERIMENTS. 


The careful-handling experiments with cherries were carried on 
during the season of 1911. Table I and figure 1 give the average 
results of these experiments for that season. A study of these data 
emphasizes very strongly the relationship of handling to the condi- 
tion of cherries in transit and on the market. 

The decay figures, as given in Table I, are a total of all decay, ex- 
clusive of brown-rot, although it was quite impracticable in all cases 
to separate with absolute accuracy this trouble from other forms of 
decay. At the end of five days in the iced car, the carefully handled 
fruit showed only 0.5 per cent of decay, while the comparable com- 
mercially handled fruit showed 2.8 per cent of decay, practically 
six times the decay found in the comparable carefully handled lots. 
The results are equally striking at the end of transit periods of 10 
and 15 days, the carefully handled fruit having 1.5 per cent of decay 
at the end of 10 days and 4.3 per cent of decay at the end of 15 days, 
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respectively, as against 12.3 per cent of decay and 16 per cent of decay 
for the same periods in the commercially handled fruit. At the end 
of a 10-day transit period, which is approximately equal in time to 
shipment to Chicago, the commercially handled fruit showed over 
eight times as much decay as developed in the same fruit when 
carefully handled. . 

/ 
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Fie. 1.—Diagram illustrating the percentages of decay in carefully and commercially 
handled cherries, Salem, Oreg., 1911. 


TABLE I.— Decay in carefully and commercially handled cherries, Willamette 
Valley, season of 19171. 


Time and manner of handling and ex- 
tent of decay (per cent). 
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MARKET HOLDING TESTS. 


It is not only essential that the fruit be delivered on the market in 
sound condition, but it is also of the greatest importance that it re- 
main in good, sound condition for a reasonable period, for distribu- 
tion to the consumers. Fruit that does not keep well after arrival or 
which shows considerable spoilage while in the wholesalers’ or re- 
tailers’ hands soon gets a reputation for poor keeping quality and is 
seriously discounted, even though it arrives in practically sound 
condition. 

The differences, as indicated in Table I, between commercially and 
carefully handled fruit two days after withdrawal are, if anything, 
more striking than the results on arrival. The inspection of the care- 
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fully handled lots of fruit two days after withdrawal from the car 
and after holding under ordinary market conditions for 5, 10, and 
15 day transit periods showed, respectively, 3.5, 3.5, and 7.3 per cent 
of decay. The comparable commercially handled fruit two days 
after withdrawal showed 10.8, 21.4, and 26.1 per cent of decay, re- 
spectively, after corresponding transit periods. The commercially 
handled fruit in the car for-10 days and held for two days under 
open-market conditions developed more than six times the decay 
found in the same fruit when carefully handled. 


RELATION OF HANDLING AND CULTURAL PRACTICES TO DECAY. 


The striking results obtained in the careful-handling experiments 
indicate that if proper care is exercised in handling, picking, hauling, 
and packing, the shipment of cherries in a fresh state as far as Chi- 
cago would be entirely practicable. With the present commercial- 
handling methods, however, the long-distance shipment of fresh 
sweet cherries is not hkely to prove uniformly profitable or success- 
ful, not only on account of the decay occurring in transit but because 
of the great amount of decay that develops during only a 2-day hold- 
ing period on the market. Even though cherries can be delivered in 
fairly sound condition through careful attention to the details of 
handling, precooling, and refrigeration in transit, the problem of the 
successful shipment of cherries in a fresh state from the Willamette 
Valley and sections with similar climatic conditions involves more 
than harvesting and shipping practices alone. 

‘The humid climate and frequent rains during the harvesting sea- 
son render fruits like cherries and prunes extremely subject to seri- 
ous attack by brown-rot. Rains during the harvesting season cause 
considerable splitting, especially with certain varieties of cherries, 
and while the badly cracked cherries are usually all graded out, it is 
impossible to grade out all the fruit affected with brown-rot. This 
type of decay in a package spreads very rapidly to adjoining fruits 
by contact, and in this respect is unlike the common molds, such as 
Penicillium and Botrytis, which depend largely on injuries for en- 
trance. During some seasons brown-rot is not very serious. Never- 
theless, if the growers of cherries make a business of fresh-fruit ship- 
ping, success will depend not only upon the exercise of proper care in 
handling but also upon correct cultural and spraying practices. 


WHAT CONSTITUTES CAREFUL HANDLING. 


The question of what constitutes the careful handling of cherries 
may, perhaps, be partially answered by describing the methods used 
in picking and packing the experimental lots. The cherries, as is 
customary, were picked by grasping the stems and exercising care not 
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to hold too many in the hand or to crush or bruise them in any way 
while picking and before placing in the pail or bucket. A 5-pound 
pail was used in the experimental work, the bottom being lined with 
paper. The cherries were all placed in the pail carefully and not — 
dropped in or thrown in, as is often the commercial practice. In 
emptying into the orchard box great care was also exercised to pre- 
vent bruising and injury. The pail was first lowered to near the 
bottom of the box, the fruit in emptying being held back by the hand 
so as to allow it to roll gently into the box. The “lugs,” or orchard 
boxes, were lined with paper, and not more than 25 or at the most 30 
pounds of fruit were ever placed in any one box. The boxes were set 
in the shade until loaded on spring wagons for hauling to the packing 
house. In hauling to the packing house the fruit was protected by 
canvas or dusters from the dust and sun. 

The carefully handled lots were picked and packed by repre- 
sentatives of the Bureau of Plant Industry, the ordinary 10-pound 
box being used for packing. The fruit was packed directly from the 
lug box, and all stemless, cracked, bruised, or injured fruit was 
graded out, special effort being made to pack the facing layers firmly 
and the rest of the box without bruising any of the fruit or breaking 
_ down its internal structure. The results of this extra care and the re- 

- Jation of handling methods are clearly brought out in the table and 
charts previously referred to. ‘These favorable results were obtained 
by using practically all the ordinary equipment common in com- 
mercial practice. No doubt better picking receptacles than the paper- 
lined 5-pound pails, for instance, can be found. However, given any 
picking receptacle or pail, the care exercised in picking the fruit, in 
placing it in the pail, and in transferring it to the orchard box de- 
termines the amount of injury in picking and the resultant decay. 
The amount of injury done in picking and hauling is strikingly 
shown in the inspection of several lots of commercially handled fruit 
in the packing house before packing. In some instances 75 per cent 
of all the fruit examined showed evidences of serious bruising. 

While these investigations indicate that cherries can be success- 
fully shipped in the 10-pound box if sufficient care is exercised in all 
the operations of handling, they also prove that cherries under cer- 
tain humid climatic conditions are more susceptible to injury in 
handling than in the more arid sections. Various growers in the 
Willamette Valley and in other humid sections of the Pacific North- 
west have made trial shipments of cherries in berry crates, with uni- 
formly good results. -Much of the decay in transit results directly 
from bruises and injuries incurred in packing and facing the fruit 
in these 10 and 20 pound boxes. Nearly all of this bruising can be 
eliminated and the cost of packing very materially reduced where 
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berry crates or similar types of carton packages are used. A more ex- 
tended trial of such packages for the shipment of cherries from sec- 
tions like the Willamette Valley would seem to be desirable. The 
10-pound cherry box when well packed is a very attractive package 
and is intimately associated with western cherries in the minds of 
the eastern and middle-western fruit trade. While the appearance of 
package and product counts for a great deal on the market, soundness 
is of first consideration. Even though cherries in berry crates or 
similar packages may not command the price that they would in 
the 10-pound box, it is a question whether this would not be offset by 
the decreased cost of packing and the better condition of the fruit. 
These factors can hardly be satisfactorily determined without com- 
mercial tests. 
PRECOOLING EXPERIMENTS. 

The precooling plant constructed by the Salem Fruit Union was 
utilized for the precooling experiments. In these experiments both 
carefully and commercially handled fruit was used in each series, 
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Fic. 2.—Diagram illustrating the percentages of decay in precooled and nonprecooled 
cherries commercially handled, Salem, Oreg., 1911. 

one half of each lot being precooled and the other half placed in the 
refrigerator car without precooling. The data given in Table II, 
which are illustrated graphically in figure 2, show the relation of 
precooling to decay and market condition, wherein only the results of 
the commercialiy handled fruit are given, the small amount of decay 
in the carefully handled fruit being practically the same in both the 
precooled and nonprecooled lots. 

While there are consistent differences in favor of the precooled 
fruit, these are not nearly so striking as the differences between the 
carefully and commercially handled lots, and although they bring 
out to some extent the value of precooling, they emphasize most 
strongly the importance of careful handling. The fruit in the pre- 
cooling experiments was usually cooled to a temperature of 40° F. 

10980°—Bull. 331—16——2 
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or lower. The transfer to the iced car was made without exposing 
the cooled fruit to contact with the warmer air outside. 


Taste II.—Decay in precooled and nonprecooled cherries, commercially han- 
dled, Willamette Valley, season of 1911. 
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The decay on withdrawal at the end of a 10-day transit period 
is fairly representative of the general results of the precooling tests. 
The precooled, commercially handled fruit at the end of 10 days 
showed 6.6 per cent of decay, while the nonprecooled fruit showed 
9.2 per cent of decay, and after holding on the market for two days 
the precooled fruit developed 12.7 per cent of decay and the non- 
precooled 15.1 per cent of decay. A comparison of the differences 
between the precooled and nonprecooled lots in Table II with the 
differences between the carefully and commercially handled fruit 
in Table I will serve to emphasize strongly the fundamental im- 
portance of careful handling. In interpreting the precooling re- 
sults, however, one should bear in mind the fact that the nonpre- 
cooled lots were placed in a partially filled, well-iced refrigerator 
car and that these crates cooled more quickly than they would in a 
full carioad in transit. Greater differences in decay and condition 
between precooled and nonprecooled fruit would naturally be ex- 
pected under actual shipping conditions. One difference not brought 
out in the tables or charts is that of appearance, the precooled fruit 
being uniformly and consistently much brighter and fresher than 
the nonprecooled. 


EFFECT OF DELAY IN LOADING AND COOLING. 


Table III and figure 3 illustrate very strikingly the importance 
of handling the fruit from the tree to the refrigerator car or of 
delivering it to the carrier or transportation company with the least 
delay possible. 

Table III gives the decay in comparable lots of fruit, one half of 
which had been picked, packed, and shipped immediately, the other 
half being delayed two days before placing in the refrigerator car. 
At the end of a 5-day transit period the immediate lots showed 3.2 
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per cent of decay, as compared with 5.2 per cent in the same fruit 
delayed two days before loading. The results in the lots held for 
10 days are equally striking, there being 13.5 per cent of decay in 
the immediate and 25.4 per cent in the delayed shipments on with- 
drawal from the car, with 19.7 per cent in the immediate and 40.2 
per cent in the delayed shipments after a market holding period of 
2 days. On arrival, the delayed fruit invariably showed about 
twice the decay found in the fruit immediately packed and loaded. 


IMMEDIATE LOADING DELAYED 2 DAYS BEFORE LOADING 
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Fic. 3.—Diagram illustrating the percentages of decay in commercially handled nonpre- 
cooled cherries loaded immediately and those delayed two days in the warehouse before 
loading, Salem, Oreg., 1911. 


TABLE III.—Decay in commercially handled nonprecooled cherries immediately 
loaded and in those delayed two days in the warehouse before loading, Wil- 
lamette Valley, season of 1911. 
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1 Slight inconsistencies and apparent discrepancies occur in this table and in some others. These, how- 
ever, are easily accounted for when it is taken into consideration that it was impossible to use the same lots 
of fruit for more than one inspection. While the aggregate of fruit used in these inspections was large, the 
quantity of fruit in each experiment was necessarily limited, especially the fruit used for each inspection. 
The rather high development of decay in some portion ofa crate, either on account of accidental injuries in 
handling or of decay resulting from brown-rot, is primarily responsible for most of these apparent discrep- 
ancies. 


The results shown in this table serve to emphasize the desirability 
and the necessity of getting the fruit as quickly as possible into cooler 
temperatures or into the refrigerator car, or, where it is shipped 


without refrigeration, of forwarding it to the carrier or transporta- 
tion company with the least possible delay. Holding the fruit for 
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any considerable time either in the field or warehouse before shipping 
only gives added opportunity for decay to start in bruises and in- 
juries, while the ripening processes also proceed more rapidly under 
these high temperatures and result in quicker decay and deteriora- 
tion. Leaving the fruit in the field for several hours, especially dur- 
ing hot weather, will seriously affect the shipping quality of such 
tender and perishable fruits as cherries. In the handling of cherries 
for shipment it is essential that the fruit be hauled in promptly after 
picking, that it be packed as soon as received at the packing house, 
and immediately cooled, loaded, and shipped. 


SUMMARY OF THE CHERRY INVESTIGATIONS. 


When the large acreage of recently planted sweet cherries in the 
Willamette Valley comes into bearing, the production will be greatly 
increased. If, therefore, cherries can be successfully shipped and 
disposed of in a fresh state, there would be provided a wider and 
possibly a more profitable outlet for a considerable proportion of 
the cherry crop. 

The shipment of cherries in a fresh state for long distances has 
been more or less unsuccessful, owing to the development of a large 
amount of decay and deterioration in transit and on the market. 
This decay is due to fungi which gain entrance to and attack the 
fruit through mechanical abrasions made in handling, to splitting 
due to rainy weather at harvesting time, or to brown-rot, which 
infects the fruit in the orchard. 

The results of these investigations demonstrate conclusively that 
the losses due to mold fungi gaining entrance through mechanical 
abrasions and injuries can be largely prevented by the exercise of 
proper care in picking, hauling, and packing, and in the careful 
grading out of all injured, stemless, and cracked fruit. 

Precaution should be taken not to bruise the fruit in the hand 
when picking, when transferring it to the picking pail or bucket, or 
when emptying it from the picking receptacle into the field box. 

During the time the fruit is held in the orchard after picking, it 
should be kept in the shade. The wagons for hauling should be 
provided with good springs and the load covered with canvas, in 
order to protect the fruit from the sun and dirt. 

At the time of packing, the fruit should be carefully graded, so as 
to eliminate all stemless and cracked or split fruit. AIl cracked and 
stemless fruits included in the packing boxes are almost certain to 
decay, either from mold fungi or brown-rot. 

If the fruit is packed in the ordinary 10-pound boxes, the greatest 
care must be exercised in putting in facing layers to prevent the 
bruising, injury, or breaking down of the internal structure of the 
fruit. 
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It is evident that cherries grown in humid sections subject to con- 
siderable rainy weather at harvest time are more susceptible to 
injury than similar varieties grown in the more arid sections, and 
they therefore require all the more careful handling. In view of 
this fact it would seem advisable where practicable to make more 
extended trials of shipping in berry crates, in this way obviating the 
necessity of tight packing. 

Whether the cherries are shipped in carload lots under refrigera- 
tion or in smaller lots by express, immediate loading is essential. 

Precooling or the prompt cooling of cherries before shipment is of 
_ material assistance in minimizing decay in transit. Precooling, how- 
ever, is hardly justified unless the fruit is carefully and properly 
handled, and it should never be depended on to overcome the bad 
effects of rough or careless handling. It is essential that the fruit be 

cooled as quickly as possible after picking, that the precooling be 
thoroughly done, and that the fruit be transferred to the refrigerator 
‘ear: without exposure to the warmer outside temperatures. 


PRUNE INVESTIGATIONS. 
EXTENT AND STATUS OF THE INDUSTRY. 


Prune growing is the leading horticultural industry of those por- 
tions of Polk and Marion Counties adjacent to Salem, as well as of 
several other counties in the Willamette Valley, Oreg. The Italian 
prune is the variety most widely planted and was used exclusively in 
these handling and precooling investigations. As almost the entire 
product of the section in the vicinity of Salem and in the Willamette 
Valley generally is evaporated, all cultural and handling operations 
have been developed with this end in view. 

While the main dependence must be placed on marketing the prod- 
uct in an evaporated state, during most seasons it would be greatly 
to the growers’ advantage if a portion of the fresh crop could be 
profitably shipped. The practicability of and success with fresh- 
prune shipments from this and other sections depend primarily on 
whether the product can be delivered in sound and good merchant- 
able condition. During the seasons of 1910 and 1911 several car- 
loads of fresh prunes were shipped to Chicago and other eastern 
markets under refrigeration, but with rather unsatisfactory results, 
_ due mainly to the fact that most of the shipments arrived in a badly 
decayed condition. Further shipments were planned for the season 
of 1918, but unfavorable weather conditions immediately preceding 
the harvesting season, along with attractive prices offered for the 
dried product, caused the growers to abandon all fresh-fruit shipping 
plans. 
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The methods of harvesting prunes for fresh-fruit shipment are 
necessarily very different from those employed where the product is 
to be evaporated. In the latter case the prunes are allowed to fall 
on the ground or the trees are shaken periodically by pickers who go 
through the orchard with poles, especially for this purpose. As a 
rule, a great many pickings are made during the season. The prod- 
uct is afterwards picked up from the ground and hauled to the evap- 
orators for grading and processing. The operations for harvesting 
prunes for shipment in a fresh state are very similar to those 
described for cherries. In picking, the prunes are grasped by the 
pedicel and placed in buckets or pails of various makes and sizes. 
From these they are poured into lug boxes, usually slatted and hold- 
ing from 30 to 35 pounds. Sometimes the packing is done at the 
orchard or on the farm, but more often the prunes are hauled to a 
central packing house at the nearest shipping point. In the packing 
house the prunes are poured out on a sorting and packing table, the 
packers doing both the grading and packing. The package used is 
a 4-basket crate holding approximately 25 pounds of fruit. The 
sizes are designated as 4 by 5, 5 by 5, 5 by 6, and 6 by 6, the majority 
usually running about 5 by 5 and 5 by 6, and are based on the num- 
ber of prunes in a row each way in the basket. One thousand crates 
constitute the usual standard carload of prunes, although the load 
may vary somewhat one way or the other.* 


PURPOSE AND OUTLINE OF INVESTIGATIONS. 


As previously indicated, fresh-prune shipments have not yielded 
uniformly satisfactory returns, largely on account of the poor con- 
dition in which the prunes arrived on the market. These investiga- 
tions, therefore, were inaugurated with a view to determining 
whether prunes grown in the Willamette Valley and in sections 
having similar climatic conditions can be handled with sufficient 
care to deliver them on the market in good, sound condition. Dur- 
ing the season of 1911 quite a number of commercial car-lot ship- 
ments of fresh prunes were made, and the investigations that season 
were planned primarily to determine the relationship of handling 
methods, of delayed cooling and shipping, and of quick cooling or 
precooling to the decay and deterioration of fresh prunes in transit 
and on the market. 

Tt was impracticable to make any experimental shipments to 
eastern markets, on account of the impossibility of securing a sufii- 
cient number of cars for one market, and the experimental lots were 


1 Lewis, C. I., Brown, F. R., and Bradford, F. C. A prune survey of Oregon. In Oreg. 
Agr. Exp. Sta., Bien. Crop Pest and Hort. Rpt., 1911-12, p. 8-30, 8 fig., 1913. 
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therefore held in an iced car at Salem under conditions approximat- 
ing transit conditions as nearly as possible. During the season of 
1913, although arrangements had been made for several car-lot 
shipments of fresh prunes to one market, the weather and other 
conditions were such as to make necessary the abandonment of these 
arrangements. During that season, therefore, no comparison of 
earefully and commercially handled fruit was possible, and the 
experimental work had to be confined largely to precooling tests with 
carefully handled fruit, maturity tests, and a comparison of fruit 
from different sections and soils. While the weather conditions 
during the two seasons mentioned were not the most favorable for 
fresh-fruit shipments, they were such as occur quite frequently dur- 
ing a series of years, and if prunes can not be shipped more or less 
successfully during such seasons entire dependence must be placed 
on the evaporated or dried products, and everything should be done 
with a view to growing fruit especially for this purpose and to 
curing a product of the very highest market quality. 


RELATION OF HANDLING TO DECAY IN TRANSIT. 


During the season of 1911 a number of experimental tests were 
made of carefully and commercially handled fruit. The carefully 
handled lots were picked and packed by representatives of the 
Bureau of Plant Industry, the fruit being secured from the same 
orchards and at the same time as that handled commercially. The 
lots are comparable in every way except in the care exercised in the 
picking, hauling, and packing. 


TapLE 1V.—Decay in carefully and commercially handled prunes, Willamette 
Valley, season of 1911. 


Time and manner of handling and 
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The data presented in Table IV, which are illustrated graphically 
in figure 4, show the differences in decay between the carefully 
handled and commercially handled fruit. These lots were held in an 
iced car for 10, 15, and 20 days, and were inspected on withdrawal 
and again 2, 4, and 6 days afterwards, only the results of the in- 
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spections on withdrawal and 6 days after withdrawal being shown. 
After 10 days in the iced car the carefully handled fruit had devel- 
oped only 0.7 per cent of decay, as against 3.5 per cent for that com- 
mercially handled. Six days after withdrawal, the carefully handled 
fruit had developed 2.1 per cent of decay, as against 8.7 per cent for 
that commercially handled. After 15 days in the iced car the care- 
fully handled fruit showed 0.4 per cent of decay and the commercially 
handled fruit 7.1 per cent of decay. Six days after withdrawal, this 
series had developed 3.7-per cent of decay in the carefully handled 
fruit, as against 16.6 per cent in the fruit handled in the ordinary 
commercial manner. 

The commercially handled fruit had developed during a transit 
period of 10 days almost five times as much decay as the fruit handled 
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Fig. 4.—Diagram illustrating the percentages of decay in carefully and commercially 
handled prunes, Salem, Oreg., 1911. 


carefully, and after holding for 6 days on the market the com- 
mercially handled fruit still showed four times as much decay as 
that carefully handled. The same relative differences hold true for 
the 15 and 20 day periods. 

These figures illustrate strikingly the important relation of 
handling to the decay of prunes in transit and clearly bring out the 
need of great improvement in handling methods before prunes can 
be successfully and profitably shipped from this section in a green or 
fresh condition. While the decay developed in the commercially 
handled fruit on arrival is not proportionately large, it is sufficient 
to affect seriously the market value of the fruit, especially in view 
of the rather rapid development of decay under market holding 
conditions. It must also be borne in mind that all of these lots were 
held in an iced refrigerator car under very favorable conditions, the 
fruit cooling very much faster than it would in a full carload and 
generally being held under more favorable temperatures and con- 
ditions than would be the case under ordinary transit conditions. 
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IMPORTANCE OF CAREFUL HANDLING AND GRADING. 


An average of all the tests made during the season of 1911 indicates 
the urgent necessity of improvement in field and packing-house 
handling. Every precaution should be exercised in picking, hauling, 
packing, and all harvesting operations to avoid bruising or me- 
chanical injury of any kind. In picking, the fruit should be grasped 
by the stem and placed by hand in a bucket or picking receptacle 
and should be handled in such a way as to disturb the bloom as little 
as possible. What has been said regarding cherries will hold equally 
true for prunes. Every precaution should be taken to transfer the 
fruit from the bucket to the lug box without allowing the fruit to 
drop or roll violently any distance or to rub off any more bloom than 
is consistent with the handling that has to be given it. Oftentimes 
it is the practice in the Willamette Valley to pick only the lower 
branches of the trees, leaving the fruit in the upper branches for 
drying or evaporation. In such cases it is sometimes possible to pick, 
at least for a portion of the time, directly into the lug box. Even 
if this extra care takes a little more time it is entirely practicable, 
and in minimizing the injury and consequent decay the slight added 
cost of handling is more than compensated for. 

The fruit should be kept in the shade while in the orchard after 
picking and should be hauled to the packing house on wagons 
equipped with good springs. The load should also be covered with 
canvas or some other covering to protect it from the sun and dust. 
In packing, much bruising and injury can be avoided by sorting and 
packing directly from the lug box instead of pouring the fruit out in 
-bins or on tables, as is oftentimes the practice. The preservation of 
the bloom is a very important factor in the marketing of fresh 
prunes. When the prunes are poured into bins or on tables, much 
of the bloom is rubbed off that could be preserved if the fruit were 
packed and sorted directly from the lug box. 

It is certain that if fresh-prune shipping is to become a profitable 
and established phase of the marketing of this crop in the Willa- 
mette Valley, much greater care must be devoted to the handling and 
grading of the fruit. Not only should care be exercised to avoid 
mechanical injuries of every kind, but closer grading is absolutely 
necessary, in order that the fruit may at least leave the packing house 
in good, sound condition. Usually insufficient care is exercised in 
grading and in sorting out injured, soft, and cull fruit. This failure 
to grade and cull closely is partially responsible for the fact that 
occasionally the fruit shows some decay and deterioration prior to 
shipment. Brown-rot is also a considerable factor, and the decay 
data for both seasons include that caused by brown-rot, as it was 
quite impossible to separate this from other forms at all times. 
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The relation, however, of this form of decay to transportation con- 
ditions and. the practicability of fresh-fruit shipping is well illus- 
trated in the data giving the results of the work in 1913. 


EFFECT OF DELAYED SHIPMENT ON KEEPING QUALITY. 


During the season of 1911 half of all the experimental lots of 
prunes were held for two days in the warehouse before being placed 
in the precooling room or in the refrigerator car, in order to deter- 
mine the effect of delayed cooling and shipping. While it is generally 
recognized that delay in the cooling or shipping of any perishable. 
fruit product is inadvisable from the standpoint of decay and condi- 
tion, in certain localities a delay of two or three days is of frequent 
occurrence. This is especially true where two to four days are 
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Fig. 5.—Diagram illustrating the percentages of decay in commercially handled nonpre- 
cooled prunes immediately loaded and those delayed two days in the warehouse before 
loading, Salem, Oreg., 1911. 

required to assemble a full carload, the fruit meantime being held in 

sheds or packing houses. 

Table V and figure 5 give a comparison of decay in commercially 
handled fruit loaded immediately and delayed two days in the pack- 
ing house before loading. After a transit period of 10 days the 
fruit immediately loaded had developed 3.7 per cent of decay and 
the delayed fruit 4 per cent. After a 15-day holding period the 
immediate and delayed lots had developed 6.4 per cent and 9.4 per 
cent of decay, respectively, and the immediately loaded fruit in 
transit 10 days and held 6 days under ordinary market conditions. 
showed 8.6 per cent of decay, as against 16 per cent for the fruit © 
delayed two days prior to shipment. While these differences are not 
as striking, or perhaps as consistent, as those found between care- 
fully and commercially handled fruit, they nevertheless indicate the 
necessity of prompt shipment after picking and packing. The seri- 
ousness of delay before loading and shipping will also depend largely 
upon the temperature conditions at harvesting time. If the tem- 
peratures are abnormally high, a delay of a few hours in the packing 
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house may be as serious as two or more days during periods of rather 
low temperatures. 

TABLE V.—Decay in commercially handled nonprecooled prunes immediately 


loaded and in those delayed two days before loading, Willamette Valley, 
season of 1911. 


Time factors and extent of decay (per 
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Table VI and figure 6 present a comparison of immediate and 
delayed shipments of carefully handled prunes during the seasons 
of 1911 and 1913. The results in the carefully handled lots during 
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Fic. 6.—Diagram illustrating the percentages of decay in carefully handled nonprecooled 
prunes immediately loaded and those delayed two days in the.warehouse before loading, 
Salem, Oreg., 1911 and 1913. 

1911 are entirely consistent with the data given in Table V for the 

commercially handled prunes, the delayed lots uniformly showing 

more decay than those in the immediately loaded or shipped lots. 

Tt will also be noted that the figures for 1913 show considerably 

more decay than those for 1911, due mainly to the fact that more 

brown-rot developed during the season of 1913. 
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TaBLE VI.—Decay in carefully handled nonprecooled prunes immediately 
loaded and in those delayed two days in the warehouse before loading, Wil- 
lamette Valley, seasons of 1911 and 1913. 


Time factors and extent of decay (per cent). 
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The data for 1913 emphasize even more strongly than the 1911 
data the necessity for prompt shipment. After a transit period of 
10 days the immediately loaded fruit showed on arrival 0.4 of 1 
per cent of decay and 5.8 per cent after a holding period of six days, 
as compared with 4 per cent of decay on arrival and 15.6 per cent 
at the end of a holding period of six days in the delayed fruit. The 
15-day withdrawals are equally consistent and show, of course, in 
- the aggregate, more decay than the figures just given for the 10-day 
transit period. Where brown-rot is an important factor, as it was 
during 1913, prompt cooling and shipping is a prime necessity, and 
any considerable delay before cooling or shipping means the almost 
certain arrival of the fruit on the market in a very badly decayed 
condition. 

EFFECT OF PRECOOLING ON CARRYING QUALITY. 


The precooling experiments, as previously mentioned with cherries, 
were carried on in connection with a small precooling plant of 
1-carload capacity built by the Salem Fruit Union under the super- 
vision of the Bureau of Plant Industry. This plant was the first 
of its kind to be erected, and in it the principle of passing air 
directly through the mixture of ice and salt was adopted. The 
tank containing the refrigerating mixture is filled with crushed ice 
and salt, the air being passed through the bottom of the tank, and 
as the ice melts a new supply continually drops from the upper 
part of the tank. In this way the tank can be operated through an 
entire run without refilling. The precooling room is fitted with a 
false floor and return ducts, and by means of a fan the cool air is 
forced below the floor and through holes or openings in the false 
floor into the room, to circulate between the fruit packages stacked 
therein. The air is drawn back through the ceiling ducts to the ice 
tank and again circulated, the same air being used throughout the 
process. This method was utilized in the precooling experiments 
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with cherries, prunes, and loganberries, and afforded excellent facili- 
ties for testing this type of plant, the practical phases of warehouse 
precooling, and the relation of quick cooling to the more perishable 
fruits grown in this section. 

Table VII and figure 7 present a comparison of the decay in the 
precooled and nonprecooled prunes commercially handled during 
_ the season of 1911. While these figures show consistent differences 
in favor of precooling, these differences are by no means as striking 
as are those between fruit carefully and commercially handled. The 
favorable results obtained from precooling are probably sufficient to 
justify fully the necessary expenditure in case fresh-fruit shipping 
becomes an established practice with prunes and other small fruits in 


PRECOOLED NON PRECOOLED 


meee ae BONG eS Soe DECAY | 


25 20 


T T t T r 1 TEN DAYS IN ICED car: r T T 7 ie a 


G27 on winprawaL 37 
MlM4s six oavsiateR 86.() 
FIFTEEN DAYS IN ICED CAR 


ER 42 00 «(ON WiTHDRAWAL:~— os 
(MMMM ios sx pays ivteR 183 (I 


TWENTY DAYS IN ICED CAR 
GH 47 —OON s~wiTHoRAWAL ~so85.8 ER. 
MMMM 20: six pavs vareR 196 (om 


Fic. 7.—Diagram illustrating the percentages of decay in precooled and nonprecooled 
: prunes commercially handled, Salem, Oreg., 1911. 

the Willamette Valley. The figures as given do not do full justice 
to the precooled lots, because of the rapidity with which the non- 
precooled fruit cooled after being placed in the partially filled re- 
frigerator car. The nonprecooled fruit reached a temperature of 40° 
I’. in a very few hours, whereas under ordinary transit conditions it 
would have required several days for most of the fruit to be reduced 
to a temperature at which the ice would hold it. Therefore, in inter- 
preting the precooling data these factors should be taken into con- 
sideration. The precooled fruit showed considerably less decay, 
even under the conditions under which the fruit was handled and 
held in this experimental work, but it is reasonable to expect that the 
differences would have been very much greater in favor of precooling 
if full car-lot shipments had been possible. In most cases the ex- 
perimental lots used in these precooling experiments were placed 
with a full carload of fruit in the precooling room, and the work was 
therefore done in most cases on a commercial basis. Where the 
room was filled with one carload of fruit the cooling was accom- 
plished in about six hours and required an average of about 24 tons 
of ice for cooling. 
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Taste VII.—Decay in precooled and nonprecooled prunes, commercially 
handled, Willamette Valley, season of i911. 
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Tlic. 8.—Diagram illustrating the percentages of decay in precooled and nonprecooled 
prunes carefully handled, Salem, Oreg., 1911 and 1913. 


TaBLE VIII.—Decay in precooled and nonprecooled fresh prunes, 


carefully 
handled, Willamette Valley, seasons of 1911 and 1913. 
Time factors and extent of decay (per cent). 
Season of 1911. Season of 1913. 
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Table VIII and figure 8 present the results of the precooling tests 
with carefully handled fruit during the seasons of 1911 and 1913. 

The results in the main are consistent with those given for the 
commercially handled lots during the season of 1911, the differences 
being proportionately about the same. It will be noted that in this 
case also the carefully handled fruit of 1913 shows somewhat more 
decay than during 1911, this, as previously mentioned, being due to 
the greater prevalence of brown-rot during the latter season. As in 
the case with cherries, the precooled fruit had a fresher and brighter 
appearance on removal from the car. 
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Fic. 9.—Diagram illustrating the percentages of decay in carefully handled prunes imme- 
diatély precooled and those delayed two days before precooling, Salem, Oreg., 1911 and 
1913. 


DELAYED PRECOOLING. 


To test the effect of delayed precooling as well as of delayed ship- 
ment, half of each lot or series in the precooling experiments was 
held two days before being placed in the precooling room. Table 
IX presents a comparison of the decay found in immediately cooled 
and in delayed fresh prunes, carefully handled, during the seasons of 
1911 and 1913, and also a comparison of decay in fresh prunes simi- 
larly treated but commercially handled in the season of 1911. The 
results attending the carefully handled and commercially handled 
lots of fruit are graphically shown in figures 9 and 10, respectively. 

A study of Table IX and its accompanying diagrams shows con- 
clusively the necessity for promptness where precooling is practiced. 
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For instance, during 1918, in the carefully handled fruit in the 15-day 
withdrawal lot, the immediately precooled fruit showed 1.1 per 
cent of decay, as against 6 per cent in the fruit delayed prior to cool- 
ing. At the end of a 4-day holding period the fruit immediately 
precooled showed 3.8 per cent of decay, as against 12.8 per cent in 
the delayed precooled fruit. The data are equally consistent through- 
out and emphasize again the absolute necessity of handling the fruit 
from the tree to the car or the precooling plant with the utmost 
rapidity consistent with care in all operations. 
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Fic. 10.—Diagram illustrating the percentages of decay in commercially handled prunes 


immediately precooled and those delayed two days before precooling, Salem, Oreg., 
1911. : 


Tatts TX.—Decay in prunes immediately precooled and in those delayed two 
days in the warehouse before precooling, in carefully handled and commer- 
cially handled lots, Willamette Valley, seasons of 1911 and 19153. 


Treatment, time factors, and extent of decay (per cent). 


Carefully handled. Commercially handled. 
Season of 1911. Season of 1913. Season of 1911. 
Time of inspection. Immedi- | Delayed 2 | Immedi- | Delayed2 | Immedi- | Delayed 2 
ately days before ately days before ately days before 
cooled. cooling. cooled. cooling. cooled. cooling. 
u 1 1 t u t u i ' ° 1 1 
EBS I|ESIES/ES/ES|ES|BG/]BSI1BG|ES|ES re 
mE | bE lbe| bel EE | EE | EE | ERIE | EE] EE | EE 
od lod [ed lydl[ yd] ed [ed | edi ed | ys | ed | od 
=| = = = =| oy = = S = = = 
On withdrawal. ..........- OSA O22 selene 44a en Oar 0 Pl ipo a EO) Ee cll ep aaa? 4.8 
4 days after withdrawal....| 1.8 -6| 1.4 (cya aS ymlbe astocwliy GA CAN IIA fey 1° Tes ar | Poe 5) fle TCO} bs 8.7 
6 days after withdrawal..-.) 2.9 | 2.3) 4.2] 4.1] 3.4] 7.6) 12.2] 18.3] 4.8) 10.8 | 14.1 13.5 


RELATION OF BROWN-ROT TO FRESH-PRUNE SHIPMENT. 


During the seasons of both 1911 and 1918, and especially during 
the latter season, brown-rot was an important factor in determining 
the condition of prunes in transit and on the market. A great deal 
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of the decay occurring in the earlier lots during 1913 was due to 
brown-rot, as was a large portion of that in the later lots. Table X 
and figure 11 illustrate rather strikingly the relation of brown-rot 
to fresh-fruit shipment. 

Table X shows the total decay in the four best series in the imme- 
diately precooled and nonprecooled fresh prunes, as compared with 
the percentages of total decay in the four poorest series under the 
same methods of handling. The four series in the best lots were from 
orchards that were practically free from brown-rot, the four poorer 
series being from orchards where brown-rot was very prevalent. The 
fruit from the disease-free orchards at the end of a 10-day transit 
period showed no decay on withdrawal, 0.3 of 1 per cent at the end 
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Fic. 11.—Diagram illustrating the percentages of decay in four series of prunes from 
orchards showing little or no brown-rot and comparable series from orchards badly 
affected with brown-rot, Salem, Oreg., 1913. 


of 4 days, and 0.9 of 1 per cent at the end of a 7-day holding period, 
as against 1 per cent on withdrawal, 5.2 per cent after 4 days, and 
9.6 per cent after a 7-day holding period in fruit from disease- 
infested orchards. It should also be kept in mind that this fruit 
was handled from all orchards with the greatest degree of care and 
that these differences were primarily due to the difference in brown- 
rot in the different lots. At the end of a 15-day transit period the 
better lots of fruit had developed only 0.1 of 1 per cent of decay 
on withdrawal, 0.8 of 1 per cent after a 4-day holding period, and 
2.3 per cent after a 7-day holding period on the market, this as 
against 2.7 per cent of decay on withdrawal and 9.4 per cent and 15.8 
per cent, respectively, for the poorer lots. The differences here are 
so striking as to indicate most clearly the need of correct cultural 
practices and thorough spraying in order to control the brown-rot, 
which during most seasons is a serious factor and one of the chief 
drawbacks to the successful shipment of prunes in a fresh condition. 
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TABLE X.—Decay in four series of prune shipments from orchards showing little 
or no brown-rot and in comparable series from orchards badly affected with 
brown-rot, Willamette Valley, season of 1913. 


Brown-rot, time factors, and extent of 
decay (per cent). 
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The possibility of marketing prunes in a fresh condition will de- 
pend, therefore, largely upon correct handling and cultural practices. 
The exercise of the necessary care in harvesting will prevent decay 
due to mechanical injuries made in handling. Proper cultural prac- 
tices should secure the delivery to the packing house of prunes free 
from brown-rot infection. The successful solution of this problem 
will depend entirely upon the industry, that is, the efficiency shown 
in controlling the factors which to the greatest degree determine the 
condition of fresh prunes in transit. 


MATURITY TESTS. 


During the season of 1913 an effort was made to determine the 
proper stage of maturity at which prunes should be picked for fresh- 
fruit shipment. The excessive development of brown-rot in the ex- 
perimental lots, especially during the early part of the season, tended 
to nullify any results that might have been obtained. Three picks © 
were made one week apart, the first pick about three weeks before the 
fruit is normally harvested for evaporation or drying. It was be- 
lieved by many people that the fruit would grow considerably be- 
tween the first and last picks, but the data accumulated along this 
line indicate that there was no considerable increase in size between 
the first and third picking, except in one instance. If proper allow- 
ance is made for the prevalence of brown-rot during the early part 
of the season, the time of picking did not seem to have any noticeable 
effect on the keeping quality of the prunes. There was, however, a 
striking difference in the condition of the prunes at the final inspec- 
tions of the early and late picks, the former showing no natural 
deterioration whatever, while the latter developed considerable. 

The most striking fact brought out in the maturity test relates to 
quality. The fruit from the first pick had an excellent flavor at the 
end of the longest storage period for that fruit, while the fruit in the 
last pick, irrespective of the orchards from which it came, was almost 
unfit to eat, although the physical appearance was very good. 
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SUMMARY OF THE PRUNE INVESTIGATIONS. 


Prune growing is the principal horticultural industry in the section 
around Salem and in other districts of the Willamette Valley, Oreg. 
The entire product normally is evaporated. 

If a portion of the crop could be successfully shipped in a fresh 
state it would be of distinct advantage, at least during certain seasons, 
in that it would furnish an additional outlet for the profitable dis- 
posal of the crop. If prunes could be successfully and profitably 
shipped in a fresh state it would stabilize the industry greatly and 
permit its further profitable development in this and other sections 
well adapted to prune growing. 

Numerous attempts have been made to ship prunes fresh, but with 
rather indifferent success. These investigations, undertaken pri- 
marily to determine the practicability of fresh-prune shipment, in- 
dicate that by the exercise of proper care in harvesting and proper 
orchard-sanitation practices prunes can be successfully shipped in a 
fresh state to markets at least as far east as Chicago. 

As with cherries, success in fresh-prune shipping is dependent 
upon the elimination of the decay occurring in transit and after 
arrival on the market, this decay being due either to mechanical 
abrasions or injuries in handling or to brown-rot with which the 
fruit has become infected before being removed from the trees. 

The results, both commercial and experimental, indicate that unless 
a radical improvement is made in the methods of handling as well as 
in orchard-sanitation practices, entire dependence will have to con- 
tinue to be placed on evaporation for the disposal of this crop. 

’ Prunes can be picked, hauled, and packed with comparatively little 
injury and resultant decay, provided the utmost care in picking is 
exercised to avoid bruising the fruit in placing it in the pail, in trans- 
ferring it to the orchard box, and in hauling it to the packing house. 

The preservation of the bloom is also a very important considera- 
tion, and this goes hand in hand with care in handling to avoid in- 
juries. 

The fruits should be grasped by the pedicel and laid one at a time 
in the picking pail or bucket. The common practice of holding sev- 
eral prunes in the hand while picking results in rubbing off the 
bloom and in considerable bruising and injury, as does the equally 
common practice of dropping the fruit into either the picking bucket 
or field box. 

In transferring the fruit to the field box the utmost care should 
be taken to prevent dropping or violent rolling, both with a view to 
preventing injury and bruising and to preserving the bloom. 

The fruit should be kept in the shade while in the orchard and 
hauled to the packing house on wagons provided with good springs. 
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The load should be aids from the sun and dust by a canvas or 
other cover. 

In packing, the utmost care Shald be exercised in culling out all 
imperfect or cracked fruit, as the inclusion of one or a few such fruits 
in a crate tends to spoil the whole crate and depreciates the value of 
the entire shipment. 

Where possible, it is desirable to pack and grade directly from the 
lug box, in order to prevent the injury incident to pouring the fruit 
out on a packing table or into a bin. 

The results of the investigations bring out strikingly the necessity 
for prompt loading, or for prompt cooling if the fruit is precooled. 

The experiments fully demonstrate the value of precooling, pro- 
vided it is thoroughly done. The money and time. expended in pre- 
cooling are largely wasted, however, unless the fruit is properly han- 
dled in harvesting and promptly precooled. 

The results of the work during the shipping seasons of 1911 and 
1913 conclusively demonstrate the necessity for more careful attention 
to orchard-sanitation practices if fresh-fruit shipment is to become. 
uniformly successful and profitable. During seasons of adverse cli- 
matic conditions even the utmost care in handling will not serve to 
deliver the fruit on the market in uniformly sound condition unless 
it has been protected against infection by brown-rot in the orchards. 
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INTRODUCTION. 


The purposes of this bulletin are to tell how Egyptian-cotton pro- 
duction became established in the Southwest as a result of community 
action, to describe the present status of the industry, and to give the 
reasons for encouraging the growing of this type of cotton in the 
United States. Attention is also directed to the conditions which 
appear to be indispensable to its successful commercial production 
in this country. It is believed that Egyptian cotton can not be 
profitably grown except under irrigation and in the absence of the 
boll weevil. This would exclude it from consideration in any por- 
tion of what is generally known as the cotton belt. 

O87 Bull, 38216 ——-1 
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The principle of community action in cotton production implies 
the growing of only one variety, the variety selected being that which 
is best adapted to the physical and economic conditions of the local- 
ity.. In no other way is it possible to maintain a supply of pure 
seed and to market year after year a uniform high-grade product. 
These objects can be attained only by effective cooperation on the 
part of the growers. The lesson taught by this successful applica- 
tion of the community principle should make the present publication 
interesting to many who are engaged in growing, selling, or manu- 
facturing cotton, even though they may not be concerned with the 
special subject of Egyptian-cotton production. 


SOURCES OF LONG-STAPLE COTTON. 


The three most important types of long-staple cotton are (1) Sea 
Island cotton, (2) long-staple Upland cotton, and (38) Egyptian 
cotton. 

Sea Island cotton is grown on the islands along the coasts of South 
Carolina and Georgia and in certain counties on the mainland of 
Georgia and Florida, as well as to a limited extent in portions of the 
West Indies. During recent years the crop of Sea Island cotton in 
the United States has amounted to from 60,000 to 120,000 bales? per 
annum. The staple of Sea Island cotton ranges from 14 to 13 inches 
in the Georgia and Florida product to 2 inches in the best qualities 
grown on the Sea Islands proper.? 

Long-staple Upland cotton has been for many years produced 
chiefiy in the so-called Delta region of western Mississippi. In 
recent years the production of this type of cotton has been extended 
into eastern Arkansas and northeastern Texas, and a small quantity 
has also been grown in the Carolinas. Still more recently the grow- 
ing of long-staple Upland cotton has been established on irrigated 
lands in the Imperial Valley of California, the industry in that local- 
ity being based on the Durango variety. The quantity of long-staple 
Upland cotton produced annually in the United States is not defi- 
nitely known. <A recent publication of the Bureau of Crop Esti- 
mates‘ places the total at shghtly more than 400,000 bales, although 

1 Cook, O. F. Cotton improvement on a community basis. In U. S. Dept. Agr. Year- 
book, 1911, p. 397-410, 1912. See also Swingle, W. T., The fundamentals of crop improve- 
ment, in U. S. Dept. Agr., Bur. Plant Indus. Cir. 116, pp. 3-10, 1913. 

2The Sea Island cotton bale averages in weight slightly less than 400 pounds. For 
further information, see Meadows, W. R., Economie conditions in the Sea Island cotton 
industry, U. S. Dept. Agr. Bul. 146, 18 p., 1914. 

*A small proportion. of the island product reaches a length of 24 and rarely even 24 
5 ine Agricultural Outlook. U.S. Dept. Agr., Farmers’ Bull. 651, p. 18, 1915. See also 


Taylor, Fred, and Sherman, W. A., Spinning tests of Upland long-staple cottons, U. S. 
Dept. Agr. Bul. 121, 20 p., 1914. 
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it is explained that this quantity probably includes chiefly cotton 1,3; 
inches and more in length. If the designation “long staple” be 
taken to comprise all Upland cotton having a staple of more than 1+; 
inches in length, it is probable that the American production exceeds 
1,000,000 bales annually. While a few varieties of long-staple Up- 
land cotton sometimes produce fiber having a staple of 14 inches or 
longer, the bulk of the crop is less than 12 inches in length’ 

Egyptian cotton until very recently has been produced commer- 
cially only in the delta and lower valley of the Nile River, in Egypt. 
In recent years the Egyptian crop has amounted annually to the 
equivalent of about one and a half million 500-pound bales. 


CHARACTER AND SUPPLY OF EGYPTIAN COTTON. 


Egyptian cotton is a distinct type, both botanically and commer- 
cially, comprising several varieties and having a total range of staple 
of from 14 to 12 inches. The history of cotton growing in Egypt 
since the present definite type was developed in that country about 65 
years ago has been marked by the successive appearance of numerous 
varieties. Each of these, after having been extensively grown for a 
number of years, has shown marked deterioration due to intercrossing. 

The most striking characteristics of the Egyptian fiber are its 
length of staple combined with great strength -and fineness. The 
older varieties, Ashmuni and Mit Afifi, are characterized by a brown 
or, more properly, pinkish buff color of the fiber, but the Sakellaridis 
variety, which is now highest in favor among spinners, is nearly 
white, or almost as light in color as Sea Island cotton. 

Egyptian cotton is used especially in the manufacture of goods in 
which strength or fineness or a combination of both qualities is de- 
sired. Some of the principal articles manufactured from this cotton 
are sewing thread, hosiery, automobile-tire fabrics, and fine and fancy 
dress goods. Until a few years ago mercerized fabrics were made 
only from Egyptian cotton, but the process of mercerization has now 
been developed so that other cottons can be successfully treated. 
“ Balbriggan” underwear was formerly manufactured exclusively 
from the brown Egyptian cottons, but dyed white cottons are now 
also employed for this purpose. 

The cotton crop of Egypt is grown entirely on irrigated land in a 
climate which is practically rainless throughout the period of de- 
velopment of the cotton plants. ‘The absence of rain during the 
picking season favors the production of clean cotton. The average 
yield for the entire cotton acreage in Egypt is about 485 pounds of 
lint per acre. The recent annual production of cotton in Egypt is 
shown in Table LI. 
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TasBLe I1.—Total production of cotton in Egypt, exclusive of the Sudan, for the 
past five years, in kantars and in the equivalent of 500-pound bales.* 


500-pound 
bales. 


Year. Kantars. 


990, 200 
1, 486, 000 
1, 462, 430 
1, 485, 000 
1,521, 430 


1 The kantar equals 99.049 pounds. The Egyptian bale contains about 750 pounds, but for readier com- 
parison the conversion is made in the table into the equivalent of the American bale of 500 pounds. The 
figuresin the table are taken from those published by the Egyptian Ministry of Agriculture. (Mo. Return 
[Min. Agr. Egypt], year 3, no. 2,16 p., Oct. 31, 1914.) 


About 60 per cent of the entire Egyptian crop is exported to 
Great Britain and a smaller proportion to the United States (10 per 
cent in 1910 and 1911 and 13 per cent in 1912). The remainder is 
exported mainly to the countries of continental Europe. 


AMERICAN CONSUMPTION OF EGYPTIAN COTTON. 


Notwithstanding the fact that nearly two-thirds of the American 
cotton crop is exported for manufacture in foreign countries, a 
large and steadily increasing quantity of raw cotton is imported for 
manufacture in the United States. By far the larger part of this 
imported cotton is obtained from Egypt. Table II shows the im- 
ports of Egyptian cotton for the past 10 years. These figures are 
taken from those published by the Bureau of the Census. They 
show that the quantity imported varies somewhat from year to year, 
but the tendency is toward an increase in the importations.? 


TABLE I1.—Imports of Egyptian cotton for the crop-distribution years from 1905 
to 1914, inclusive, stated as 500-pound bales. 


s 


Quantity Quantity 
imported, imported, 
Year. in 500- Year. in 500- 
pound pound 
bales. bales. 
1M) fae be ee eee Sy nk JAY AS eee 8 Bes 108,283)}|| 19108222 523. eee: ee eee 102, 217 
TOOGe hoe ok SS sega ae Ne tare 103;}669))!| POLL. 2. 36.28 345 ee ea aeee ee nena 183, 786 
TOOTS Lele ASE h. . Rae e Nae ak eee eed 169) 7310) 191 22 9, : Sas ee 175, 835 
TO08 A Peete. Seas ees eee See aoe 120} 187 I) L9U8 oc. 5 Sys = eo ee ee ee ee 191, 075 
AO0Ose | Sei 12. Peet Sys eee eee. eee 1295/98), || (1914 s3e: SESE ae oe ee ee 137, 355 


The shorter kinds of Egyptian cotton (14 to 13 inch staple), the 
so-called brown Egyptian and Upper Egypt cottons, produced 
by the Mit Afifi and Ashmuni varieties, respectively, are used by 


1 Supply and distribution of cotton. Bureau of the Census [U. 8.] Bul. 117 [1912]/13 
40 p., 19138; Bul. 128 [1913]/14, 30 p., 1914. These bulletins have been published an- 
nually since 1905. The figures cover the crop-distribution year from September 1 to 
August 31, and hence refer to the crop produced in the previous calendar year. 

2 According to figures published by the Bureau of the Census, the total imports of 
Egyptian cotton for the 12 months ended July 31, 1915, amounted to the equivalent of 
252,373 bales of 500 pounds each, as compared with 138,579 bales for the year ended 
July 31, 1914. 
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American manufacturers largely as a substitute for American long- 
staple Uplands of corresponding lengths, the substitution being 
profitable when the price of American long-staple cottons is rela- 
tively high. There is also a certain amount of substitution of the 
longest Egyptian, especially of the Sakellaridis variety, for the 
shorter lengths of Sea Island cotton, depending upon the relative 
prices of the two types. There remains, however, a large proportion 
of the imported Egyptian cotton for which no other fiber has yet 
been successfully substituted. 

In view of this fact, the question has been frequently asked whether 
Egyptian cotton could not be produced in the United States in suffi- 
cient quantity to supply at least a part of the home demand. Condi- 
tions which have arisen in Egypt since the first attempts were made 
to answer this question have emphasized the importance of under- 
taking the production of Egyptian cotton in this country. It has 
been found that the maintenance of a uniform quality of any of the 
Egyptian varieties is rendered precarious by the fact that in Egypt 
distinct varieties are often grown in adjacent fields. There is also a 
general contamination of the whole Egyptian crop with an inferior 
and distinct type of cotton known locally as Hindi. 

These conditions make it almost impossible to maintain in Egypt 
a supply of pure seed of a variety which has reached the stage of 
commercial production, because all these types of cotton cross freely 
with each other and adequate precautions are seldom taken to keep 
the seed of the different kinds separate at the gin. Furthermore, the 
cotton crop ot Egypt suffers severely from insect enemies, notably in 
recent years from the ravages of the pink bollworm. This pest 
threatens a serious reduction of the crop, or at least a wide fluctua- 
tion in total production from year to year. Thus, it appears unsafe 
for the numerous American users of this type of cotton to depend 
solely upon Egypt for their supply of raw material, and the desira- 
bility of developing an independent source of supply in the United 
States is emphasized. 


PRODUCTION OF EGYPTIAN COTTON IN AMERICA. 


Although experiments with the production of Egyptian cotton in 
the southwestern United States were begun in 1902, it was not until 
1912 that it was deemed advisable to recommend the commercial 
production of the crop. In the spring of that year seed was dis- 
tributed by.the Department of Agriculture to a number of farmers 
in the Salt River Valley in Arizona and the Imperial Valley in Cali- 
fornia. As a result of this distribution about 480 acres of cotton 
were brought through to harvest, and the crop of 1912 amounted to 
375 bales of 500 pounds each. 
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In 1913 the production of Egyptian cotton was confined to the 
Salt River Valley, where a total of 3,800 acres was planted. Not all 
of this acreage came to harvest, but te crop for the year amounted 
to 2,135 bales of 500 pounds each. 

In 1914 the area planted in the Salt River Valley amounted to 
approximately 12,000 acres. On much of this area the conditions 
were mot favorable for large yields because of deficient soil fertility, 
inadequate preparation of the land, or faulty management of the 
irrigation. The total crop for the year amounted to 6,187 bales of 
500 pounds each. While the average yield per acre shown by these 
figures is not high, a number of farmers having good land and using 
good methods obtained more than one bale per acre. 

The status of the industry during the first three years of its exist- 
ence is summarized in Table III. 

TABLE I1I.—Number of bales, estimated value of the lint, and estimated value 


of the seed of Egyptian cotton produced in the United States in the years 
1912, 1913, and 1914. 


rotten | ustimated | Estimated | Estimated 
Year. 500-pound | V2lueof | value of | total value 
bales lint. seed. of crop. 
1912 svete eke te ctl. glee a oueies See shesanige Hee ee ee een ee 375 $39, 000 $5, 000 $44, 000 
SS LOLS Sa tote sas Se eas Eee a oe CR Rae. eaten ee RE eee ames 2,135 197, 000 28, 000 225, 000 
1Q1A 5 ecto tan weenie on Wen ete ce tee eee ee AU 6, 187 483, 000 50, 000 533, 000 


1 Since 1913 the production of Egyptian cotton has been confined chiefly to the Salt River Valley in Ari- 
Zona ae small quantity was produced in 1914 in the vicinity of Tucson, Ariz., but thisis not included in 
Four ginning establishments, devoted exclusively to ginning Egyp- 
tian cotton, have been erected in the Salt River Valley. Each of 
these is equipped with 10 roller gins. The establishments are located 
in the towns of Phoenix, Tempe, Mesa, and Chandler. ‘There are 
also two oil mills located at Phoenix, which press the seed of the 
Egyptian cotton crop of Arizona. 

In staple and quality of fiber the American-grown Egyptian cot- 
tion is comparable with the best varieties produced’ in Egypt, and 
especially with the Jannovitch and Sakellaridis. The crops so far pro- 
duced have also been of very good grade, comparing favorably with 
that of the best imported cotton. A large portion of the Egyptian 
cotton imported into the United States is of low grade or of rela- 

tively short staple, i. e., 14 to 13 inches. The American- -orown 
Egyptian cotton does not come into competition with the latter class, 
but only with the better and higher priced varieties. However, the 
quantity of high-priced Egyptian cotton at present imported by 
American manufacturers very much exceeds the quantity likely to be 
produced in this country in the near future. 


COMMUNITY PRODUCTION OF EGYPTIAN COTTON. 7 
FUTURE POSSIBILITIES OF THE INDUSTRY. 


Because of the low prices prevailing in 1914 only about 3,700 
acres were planted to Egyptian cotton in the Salt River Valley in 
1915. This check in the expansion of the industry is not to be 
regarded as wholly a disadvantage, since a continued rapid increase 
of the acreage might tax the resources of the growers’ associations 
in providing sufficient pure seed for planting and in obtaining the 
labor necessary for prompt picking. 

As to the ultimate possible extension of the industry, leaving out 
of consideration other localities where the climatic and soil condi- 
tions are favorable to the production of this crop, the Salt River 
Valley could produce as much as 50,000 acres annually. This is 
likely, however, only if prices remain at the average level of recent 
years and the supply of labor required for picking so large an acre- 
age is obtainable. This is about the maximum acreage of cotton 
which a well-balanced agriculture in the Salt River Valley’ would 
permit unless the total acreage now under irrigation should be 
materially extended. The area of the Salt River Reclamation Project 
for which water is at present available is approximately 200,000 
acres. 

In view of the results obtained during the past three years, it ap- 
pears to be conservative to estimate that 50,000 acres of land which 
have been enriched by crops of alfalfa and which are managed by 
farmers who have acquired experience in the best methods of grow- 
ing Egyptian cotton would be capable of producing one bale per 
acre, or 50,000 bales from the entire area.1 This quantity of cotton, 
selling at approximately 20 cents per pound, f. o. b. valley points 
(which is a reasonable figure if we consider the prices at which 
Egyptian cotton of corresponding quality has sold in the United 
States during the last 20 years), would yield to the growers approxi- 
mately $5,000,000 annually. 

The foregoing statement refers to prospective production in the 
Salt River Valley, the only section of the United States in which 
Egyptian cotton has as yet found place as an established industry. 
It is not to be expected that this type of cotton can be produced com- 
mercially east of the Rio Grande, but there are other localities in 
the southwestern United States where the crop might be grown if 
economic conditions should justify a further extension of the acreage. 
It has been demonstrated through repeated experiments that the 
crop may be grown on the Yuma Reclamation Project on the lower 
Colorado River, which includes 100,000 acres, and in the Imperial 

1This estimate presumes an average yield comparable to that hitherto obtained only 
by the more successful growers, but there is every reason to expect that with additional 


experience and more skill in handling the crop the average yields may be greatly 
increased. 
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Valley, Cal., which includes about 500,000 acres. If 20 per cent of 
the land in these two sections were to be used for Egyptian cotton, 
it is estimated that 100,000 bales might be produced annually, in 
addition to the 50,000 bales which the Salt River Valley could supply. 
While the production of Egyptian cotton appears to be possible to 
the extent indicated here, it seems unlikely that this crop will be 
grown in the Imperial and Yuma Valleys in the near future. 


COMPARISON OF AMERICAN AND EGYPTIAN CONDITIONS. | 


The commercial production of Egyptian cotton in the United 
States involves the marketing of the product in direct competition 
with the crop of Egypt. This fact warrants a brief consideration 
of the status of the cotton industry in that country and a comparison 
between the conditions there and in the southwestern United States.? 
The production in Egypt of cotton having a staple comparable with 
that of. the Salt River Valley product is limited to what is known as 
Lower Egypt, that is to say, the Nile Delta, north of Cairo. This 
region includes about 3,250,000 acres of irrigated land, of which about 
40 per cent is annually devoted to cotton, with ah average yield of 
about 450 pounds of lint per acre. 

This land is heavily capitalized, and the cost of irrigation water is 


_ high. These features are best expressed by rental values, which range 


for the best land from $50 to $75 a year per acre. It is probable that 
the average rental value of land in Lower Egypt is not far from $40 
per acre, or at least twice the rental value of land in Arizona having 
similar capabilities of crop production. 

While the cotton growers of Arizona have the advantage in 
respect to land rental or interest on land investment, those of Egypt 
are able to get their cotton picked at much less cost, owing to the 
cheapness and abundance of labor in that country. Aside from these 
two items, the cost of production is probably not very different in the 
two countries, since the low wage paid to farm laborers in Egypt is 
offset by the fact that the American farmer works with large fields 
and uses horse-drawn implements extensively. Much of the Egyptian 
crop, on the other hand, is grown by peasant farmers in small fields 
and with the use of very primitive implements. 

The Egyptian industry suffers two serious disadvantages which 
do not exist in Arizona. One of these is the difficulty of maintaining 
pure seed, due to the widespread occurrence of Hindi, or “ weed,” 
cotton, which is discussed more in detail elsewhere in this paper. 
The other is the existence of certain insect pests, notably the pink 


1for a more detailed discussion of the physical conditions in Egypt and in the south- 
western United States, see Kearney, T. H., and Peterson, W. A., Egyptian cotton in the 
southwestern United States, U. S. Dept. Agr., Bur. Plant Indus. Bul. 128, 71 p., 2 figs., 
5 pl, 1908. 
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bollworm, which have recently caused serious and extensive damage 
in Lower Egypt and which are still spreading. 

It is probable that the higher valuation of land in Egypt, together 
with the less efficient methods of tillage, nearly or quite offsets the 
higher cost of labor in the United States. The crop-producing 
capabilities of the land in the two regions are much the same. The 
commercial value of the Arizona crop compares favorably with the 
best of the Egyptian crop and is much greater than the average value 
of the crop of that country. Finally, the Egyptian cotton grown in 
Arizona is practically free from Hindi contamination, and the pink 
bollworm has not yet found its way into the American fields. 

In the matter of transportation the Egyptian cotton crop enjoys 
certain natural advantages over the product of the new American 
industry. It also has the advantage of long-standing occupation of - 
the market and of a well-organized, though rather expensive, system 
of commercial distribution. 

The entire Egyptian crop is assembled in Alexandria, where it is 
sorted, classed, compressed, and forwarded. Practically none of the 
cotton is manufactured locally. This centralization of the marketing 
business permits, though it does not insure, efficiency and economy 
in the handling of the product. The freight rates from Alexandria 
to manufacturing centers, transportation being by water, are low in 
comparison with the rates from Arizona, which include a long rail 
shipment. Freight rates, particularly ocean freight rates, are sub- 
ject to continual fluctuations, but it is probable that the rates from 
Arizona to manufacturing points in either America or Europe are 
about three times as high as from Egypt to the same points.* 

The large volume of the Egyptian crop and the centralized methods 
of handling also permit a standardization of types and a system of 
future selling against these types which are very important com- 
mercial advantages. To find favor in the market a consignment of 
cotton must not only show good grade and good staple, but must 
represent a type which has had its merit established through actual 
use. A manufacturer having determined what types of cotton meet 
his particular requirements will endeavor to duplicate these types 
in his annual purchases. For this reason Egyptian brokers establish 
definite types and maintain them from year to year. This system of 
dealing on types is possible with the Egyptian crop in spite of the 
continued deterioration of the varieties, because each broker has a 
large volume of cotton offered to him at Alexandria from which to 
select his stocks. 


1The Arizona cotton is usually shipped by rail to Galveston, Tex., and thence by 
water to New England. The freight rate on baled cotton from Salt River Valley points 
to New England is about $1.30 per 100 pounds, this rate including the charge for com- 
pressing in transit. 
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The American growers will need to recognize this feature of the 
market for. Egyptian cotton if they expect to secure full value for 
their product. While the American crop remains small, it is of the 
utmost importance that the quality be kept uniform from year to 
year. 

It is possible to maintain this uniformity of type in the American 
crop Af the growers exercise proper care in the selection of seed for 
planting. Unless the seed is selected carefully and consistent effort 
is made by good tillage and careful picking to maintain uniformly 
high quality in the crop, it will be difficult, if not impossible, to 
maintain the new industry on a profitable basis. , 


EARLY ATTEMPTS TO ESTABLISH EGYPTIAN-COTTON GROWING 
IN THE UNITED STATES. 


The Department of Agriculture on several occasions prior to 1900 
imported seed of Egyptian cotton and distributed it in small lots to 
farmers throughout the cotton belt. This procedure did not result in 
establishing the industry in any locality, a fact that ceased to be sur- 
prising when the necessity for community action in the commercial 
production of a new type of cotton came to be appreciated. The tests 
of the imported seed in various localities gave varying results as to 
yield and quality of the fiber produced, but serious difficulties were 
always encountered in communities where Upland cotton was already 
being grown. Some of these difficulties may be stated as follows: 
| (1) Pickers disliked the small bolls, which made it appear that picking would 
be much more difficult and expensive than in the case of the big-bolled Upland 
types which are generally popular in the South. 

(2) Only saw gins were available for separating the fiber from the seed, and 
as a result the fiber was invariably injured in ginning. 

(3) Marketing small lots of a new type of fiber, with which the local buyers 
were unfamiliar, was found to be extremely difficult.- 

(4) The Egyptian cotton was grown in the neighborhood of fields of Upland 
cotton, and consequently it was found impossible to keep the seed pure. 

The seed of several of the best varieties grown in Egypt was im- 
ported in larger quantities by Mr. David Fairchild following his 
visit to that country in 1900 as an agricultural explorer for the 
Department of Agriculture.t. Dr. H. J. Webber, then in charge of 
the plant-breeding work with cotton in the Department of Agricul- 
ture, undertook systematic tests of these varieties during the next two 
or three years at various localities in the cotton belt and in irrigated 
districts of the Southwest. In the main cotton belt fairly favorable 


1The first planting of Egyptian cotton in Arizona appears to have been made with 
some of this seed, which was sent to Dr. A. J. Chandler, of Mesa, Ariz. This was a 
year or two before the beginning of experimental work with this crop in Arizona by the 
Department of Agriculture. 
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results were obtained in certain localities, but owing to the difficulties 
mentioned the experiments did not result in the establishment of 
commercial production. 


BEGINNING OF EXPERIMENTS IN THE SOUTHWEST. 


The irrigated lands of southern Arizona and southeastern Cali- 
‘fornia, where the climatic conditions more nearly resemble those of 
Egypt than in the cotton belt, were found to offer the most promis- 
ing field for the introduction of this type of cotton. In the early 
stages of the work, however, serious difficulties were encountered in 
this region also. The most important of these were the following: 
(1) The lack of proper facilities for carrying on the plant-breeding 
work and the investigations of cultural methods; (2) lack of uni- 
formity in the imported stocks of seed and slow progress in the 
development of a productive type having fiber of sufficiently good 
quality and uniformity to warrant its recommendation for com- 
mercial production; and (3) lack of information as to the proper 
methods of irrigation and culture under the climatic and soil con- 
ditions of the region. 

It also became apparent that, even if these cultural difficulties could 
be overcome, certain economic problems would need to be solved be- 
fore commercial production could be undertaken with any hope of 
success. These problems were as follows: (1) The scarcity and high 
price of labor in this thinly populated region, which threatened to 
make the picking so expensive that no profit could be anticipated; 
and (2) the difficulty of ginning and marketing the crop grown in 
a small way by farmers in localities remote from established cotton 
markets. 

The first-mentioned difficulty was overcome when the Department 
of Agriculture established two well-equipped experiment farms 
where the plant-breeding work and the study of cultural methods 
could be carried on from year to year on the same soils and under 
the same management. These farms are the Cooperative Testing 
and Demonstration Garden at Sacaton, Ariz., with Mr. E. W. Hud- 
son as superintendent, conducted by the Office of Crop Physiology 
and Breeding Investigations in cooperation with the Office of Indian 
Affairs, Department of the Interior, and the experiment farm at 
Bard, Cal., on the Yuma Reclamation Project, formerly in charge of 
Mr. W. A. Peterson and at present under the superintendence of Mr. 
R. E. Blair, conducted by the Office of Western Irrigation Agricul- 
ture in cooperation with the United States Reclamation Service. 


iMr. Argyle McLachlan served for several years as field agent of the Department of 
Agriculture in the Southwest, and while his attention was devoted mainly to the Durango- 
cotton industry in the Imperial Valley, he also aided effectively in the work with Egyptian 
cotton in the Salt River Valley. 


. : cilaaglias 
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UNSATISFACTORY CHARACTER OF THE ORIGINAL STOCKS. 


During the earlier years of the breeding work in Arizona the be- 
havior of the plants was very unpromising. ‘They made an extremely 


rank growth, but were relatively unfruitful and late in maturing. 


The bolls were small and often opened imperfectly. There was also 
a pronounced lack of uniformity in the imported stocks and in the 
strains which were first selected from them.* 

Mr. O. F. Cook, as a result of observations upon Egyptian varieties 
grown in Arizona from newly imported seed, reached the conclusion 
that the difficulty in obtaining uniformity was largely attributable 
to the presence among the Egyptian stocks of a very different and 
inferior type of cotton, the Hindi, the resulting cross-pollination 
having led to serious contamination of the Egyptian varieties. The 
matter seemed of sufficient importance to warrant an investigation 
in Egypt by Mr. Cook in 1910. The degree of Hindi contamination 
observed in that country was surprisingly great.? 

Nearly every cotton field inspected was found to contain Hindi 
plants, and in some fields as many as 20 per cent of the plants were 
of the Hindi type. The percentage of pure Hindi plants does not 
represent the full extent of the damage, since this type crosses readily 
with the Egyptian cotton and the final result is a series of hybrids 


possessing in varying proportions the characters of each parent. 


Commencing with a mixed population of this sort, a uniform cotton 
can be developed only by the selection of an individual plant which 
possesses the characters desired and which breeds true, thus permit- 
ting the segregation of a pure stock. 

Even if there were no Hindi cotton in Egypt, the conditions would 
be unfavorable for the maintenance of uniform varieties, since a num- 
ber of distinct types of Egyptian cotton are grown, often in adja- 
cent fields, and the pollen is readily carried from field to field by 
insects, leading to the production of intervarietal hybrids. Further- 
more, until very recently no adequate precautions were taken to avoid 
the mixing of seeds at the gins. 


DEVELOPMENT OF MORE UNIFORM VARIETIES. 


Success in the effort to obtain a variety which could safely be rec- 
ommended for commercial production was not attained until the 
variety called “ Yuma” was segregated in 1908.2 Although selected 


1 Cook, O. F., McLachlan, Argyle, and Meade, R. M. A study of diversity in Egyptian 
cotton. U. S. Dept. Agr., Bur. Plant Indus. Bul. 156, 60 p., 6 pl. 1909. 

2 Cook, O. F. Hindi cotton in Hgypt. U. S. Dept. Agr., Bur. Plant Indus. Bul. 210, 
58 p., 6 pl. 1911. 

8 Wor a more complete description of this variety and a more detailed account of its 
history, see Kearney, T. H., Breeding new types of Hgyptian cotton, U. S. Dept. Agr., 
Bur. Plant Indus. Bul. 200, 39 p., 4 pl., 1910. See also Kearney, T. H., Mutation in 
Egyptian cotton, in Jour. Agr. Research, v. 2, no. 4, p. 287-802, pl. 17-25, 1914. 
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from a stock of Mit Afifi, the Yuma cotton is very distinct from that 
variety in the characters of the plants and of the fiber. The lint 
averages 14 inches in length (ranging, under different cultural and 
soil conditions, from about 1;% to about 1,% inches) and has the 
pale pinkish buff color of the Jannovitch rather than the deeper buff 
color of the Mit Afifi. The lint percentage averages about 28. 

Yield tests and spinning tests of the Yuma cotton carried on 
during several years demonstrated that a stable variety, uniform in 
its characters and producing fiber of good spinning quality, had at 
last been obtained. Seed was therefore placed in the hands of 
farmers in the Salt River and Imperial Valleys in 1912, with the 
results described on preceding pages. 

From the Yuma variety there has originated another very distinct 
new type, which has received the name “ Pima” and which surpasses 
the parent variety in productiveness, size of the bolls, and length and 
quality of the fiber. Yield tests of the new variety and spinning 
tests of its fiber are now in progress, and if the results bear out the 
early promise it may be advisable to substitute this variety for the 
one which is now grown commercially. 


MAINTAINING THE PURITY OF THE VARIETY. 


The immediate progeny of the individual plant from which the 
Yuma variety originated was remarkably uniform, except that about 
8 per cent of the plants were evidently first-generation hybrids. The 
presence of these hybrids could readily be explained by the fact that 
some of the flowers on the parent plant had been fecundated with 
pollen from surrounding Egyptian cotton plants containing more or 
less Hindi blood and from Upland cotton plants grown near by. 
Seeds from the apparently nonhybrid plants in this progeny were 
used to plant a 4-acre field of the Yuma variety in 1909. Although 
these plants had shown only the characters typical of the new Yuma 
variety, about 2.5 per cent of their progeny of 1909 exhibited, more 
or less distinctly, Hindi or Upland characters. All such plants were 
rogued out of the field early in the summer, at about the time blos- 
soming commenced.? 

The vegetative characters of the Yuma variety are distinctive and 
the recognition of hybrids is comparatively easy. Itis therefore prac- 
ticable to remove most of the “ off-type” plants at’a sufficiently early 
stage of their development to prevent their crossing with the typical 
plants. Careful roguing of the seed-increase fields year after year 


1The importance of the early roguing of cotton fields intended to furnish seed for 
planting and the feasibility of recognizing the “ off-type”’ plants in the early stages of 
growth have been pointed out by Mr. O. F. Cook. (Cotton selection on the farm by the 
characters of the stalks, leaves, and bolls. U. S. Dept. Agr., Bur. Plant Indus. Circ. 66, 
23 p. 1910.) 
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has made it practicable to maintain thus far a satisfactory degree 
of uniformity in the variety. 


SOLVING THE PROBLEMS OF COMMERCIAL PRODUCTION. 


As the work of establishing the new industry progressed it became 
apparent that the economic and agricultural problems could best be 
met by enlisting the cooperation of several men representing differ- 
ent lines of experimental work in the Department of Agriculture, 
each of whom was able to contribute special knowledge and experi- 
ence. The cooperation was at first informal, but later, as the re- 
sponsibilities increased, it was thought advisable to create a special 
committee to carry on this work. A “Committee on Southwestern 
Cotton Culture” was therefore appointed in 1910 by the Chief of the 
Bureau of Plant Industry.” 

It has been the policy of the committee since its organization to 
avoid a sharp segregation of the different fields of investigation. 
As a result, each member has felt free to offer suggestions and even 
to assume responsibility beyond the limits of his own field, while 
the more important issues which have successively arisen in connec- 
tion with the establishment of the industry have been decided by 
the whole committee. It is believed that this committee coopera- 
tion has been of the greatest importance in the successful establish- 
ment of the industry, since it has resulted in focusing upon the 
problems the different points of view and different mental equipment 
and training of several independent investigators. 


1 The following is the personnel of the committee: 

C. S. Scofield, Agriculturist in Charge of Western Irrigation Agriculture. Mr. Scofield 
is chairman of the committee, and in addition has charge of those phases of the work 
which involve cooperation with the United States Reclamation Service. He has also 
conducted certain investigations of market conditions in the United States and in 
Hurope. ; 

W. T. Swingle, Physiologist in Charge of Crop Physiology and Breeding Investigations. 
Mr. Swingle has charge of those phases of the work which involve cooperation with the 
Office of Indian Affairs, including the arrangements for securing Indian labor. The Co- 
operative Testing and Demonstration Garden at Sacaton, Ariz., where plant-breeding work 
with cotton is now centered, is under Mr, Swingle’s direction. Mr. KE. W. Hudson, 
superintendent of this garden, has taken a very active part in the establishment of the 
industry and has been in constant touch with the growers in the Salt River Valley. 

O. F. Cook, Bionomist in Charge of Crop-Acclimatization and Cotton-Breeding Investi- 
gations. Mr. Cook conducts investigations of the factors involved in the acclimatization 
of different types of cotton in the Southwest and of the relation of these factors to cul- 
tural methods. He has also taken the lead in developing the idea of community cotton 
growing as a means to the maintenance of uniform varieties. 

T. H. Kearney, Physiologist in Charge of Alkali and Drought Resistant Plant Investiga- 
tions. Mr. Kearney has charge of the breeding work with Hgyptian cotton and of the 
investigations of the effect of alkali and other soil conditions upon the production of 
this crop. 

Cc. J. Brand, Chief of the Office of Markets and Rural Organization. In 1912, when 
the problem of marketing the first commercial crop became acute, Mr. Brand, at that 
time in charge of the cooperative cotton handling and marketing investigations of the 
Bureau of Plant Industry, became a member of the committee. Mr. Brand has charge 
of the investigations in classing, marketing, and transportation. 
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Cooperative action having thus been provided, the economic prob- 
lems were attacked as follows: 


(1) The principle of community action in cotton production, being thoroughly 
recognized, was successfully applied in the organization of associations of 
growers through which the problems of cooperative ginning and marketing were 
solved. 

(2) A very satisfactory supply of labor was developed through the employ- 
ment of Pima and Papago Indians as cotton pickers, the first experiments haying 
been made at the Cooperative Testing and Demonstration Garden at Sacaton, 
under Mr. Swingle’s direction. 

(3) Methods for classing the new product were worked out and a series of 
grade types was established, under Mr. Brand’s direction, by Mr. J. G. Martin, 
investigator in cotton marketing. 

(4) The American and European markets for this type of cotton were in- 
vestigated by representatives of the associated growers and of the Depart- 
ment of Agriculture, contacts with buyers and spinners were established, and 
outlets for the product on the basis of full market value were thus assured. 

(5) In cooperation with the associated growers, measures were taken to in- 
sure a supply of pure seed for planting each year. 


COOPERATIVE ORGANIZATION OF THE GROWERS. 


When the Yuma variety of Egyptian cotton developed by the 
Department of Agriculture had been shown to possess the qualities 
needed for successful commercial production, it was pointed out 
that the industry could be successfully established only by community 
action and that the department stood ready to furnish a supply of 
seed for planting, provided the growers were able to form a coop- 
erative association. Farmers in the Salt River Valley had watched 
with interest the experiments with Egyptian cotton at Sacaton and 
had conferred with the superintendent of the cooperative garden there 
regarding the outlook for commercial production and the methods 
of growing the crop. They were therefore ready to adopt the point 
of view of the department, and in the spring of 1912 about 30 
farmers in the vicinity of Mesa organized an association. In the 
following vear similar organizations were formed at Chandler and 
Tempe. Finally, in the spring of 1914, a central organization, 
known as the Salt River Valley Egyptian-Cotton Growers’ Asso- 
ciation was formed, with the Mesa, Chandler, and Tempe associations 
as its constituent members: The central organization was designed 
to look after the marketing of the crop and the maintenance of a 
supply of pure seed for the entire valley, while the local organiza- 
tions continued to provide for the ginning of the cotton grown by 
their members and for financing the crop during the growing period. 

The Mesa and Tempe associations now operate well-equipped gin- 
ning plants. The gin at Chandler has been leased and operated by 
a private company, and there is also a privately owned ginning plant 
at Phoenix. 
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The organization of the cotton growers of the Salt River Valley is 
still far from complete, since in 1911 only about 40 per cent of the 
total acreage of Egyptian cotton was represented in the central asso- 
ciation. It is not likely, nor is it necessary to the success of the indus- 
try, that all of the growers in a community will become active mem- 
bers of the cooperative growing and marketing associations, but it 
is of the utmost importance that all should adhere to the policy of 
the organizations as regards the production of a single variety and 
the use of carefully selected seed. The commercial reputation of the 
cotton produced in the region, and hence the best interests of every 
individual cotton grower, can be secured only by this means. 


LABOR FOR PICKING. 


From the beginning of the experiments with Egyptian-cotton pro- 
duction in the Southwest it has been realized that the high cost of 
picking would be one of the most difficult problems to overcome. 
Hand labor is neither abundant nor cheap in these southwestern irri- 
gated districts, yet a cheap and abundant supply of hand labor has 
generally been regarded as essential to successful cotton production. 
Picking Egyptian cotton requires greater care and is more expensive 
than picking Upland cotton, owing to the smaller size of the Egyp- 
tian bolls and the necessity of avoiding an admixture of such trash as 
leaves and pieces of bolls. In picking long-staple cotton it is espe- 
cially important to keep the seed cotton clean; otherwise the grade of 
the lint is impaired and its selling value is much reduced. The cot- 
ton growers of the Salt River Valley have had to pay for picking at 
the rate of $2 per 100 pounds of seed cotton, while in the Imperial 
Valley, where big-bolled types of cotton are grown, the prevailing 
rate has been $1 per 100 pounds. 

Notwithstanding these natural disadvantages, the problem of pick- 
ing the crop of the Salt River Valley has been met successfully. It 
has been found that pickers could make satisfactory wages when paid 
at the rate mentioned. Although the industry has developed rapidly, 
no serious shortage of labor has yet been experienced. This has been 
due to the fact that the growers, through an active organization, have 
attacked the problem in a businesslike way. In the first place, many 
of the farmers had only small acreages and they and their families 
were able to do most of the picking. This distribution of the acre- 
age among small farmers is very desirable and should be encouraged. 
There remained, however, a large acreage for which pickers had to 
be secured, in addition to the home supply of labor. For this purpose 
the floating population of the valley was drawn upon and Indians 
were brought in from near-by reservations. 

There are two tribes of Indians in southern Arizona which include 
a large number of industrious and capable workers. The Pimas, who 
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occupy a reservation adjoining the Salt River project, have taken 
up cotton growing to some extent on their own lands and have also 
been employed as cotton pickers by the white settlers. The Papagos 
occupy a large tract of land lying south of the Pima Reservation. 
There are several thousands of these Indians, and as they lead a 
rather nomadic existence because of the uncertainty of the desert 
water supply, they find a season of cotton picking a congenial method 
of employment and have taken to it readily. Last year several hun- 
dred of them were engaged in the work throughout the picking sea- 
son, with very een ee results to themselves and to the cotton 
growers. 

The present indications are that if the cotton acreage in the Salt 
River Valley does not increase too rapidly and if the growers con- 
tinue to give the problem the attention it deserves, there will be no 
serious shortage of pickers. While the cost of picking is high, the 
other costs of production are not excessive, and if the yields are good 
the value of the crop is sufficiently great to carry the picking cost 
and leace a satisfactory margin of profit to the grower.? 


COMMUNITY CREDIT FOR FINANCING THE CROP. 


The production of cotton in a new region involves some arrange- 
ment for financing the crop until it can be sold. The expenses of 
production up to the time of picking are not much greater than with 
other farm crops, but ordinarily the pickers must be paid promptly, 
and the cost of picking, together with the cost of ginning, requires 

-an outlay of funds greater than farmers can ordinarily meet without 
special credit arrangements. This is particularly true when cotton 
growing is being undertaken in a new region, because the marketing 
of the crop takes more time than when the Hdustey is well estab- 
lished. Under such conditions the cr op can rarely be sold as soon as 
itis ginned. It must be classed and assembled into uniform lots, and 
must move to market gradually if the best prices are to be obtained. 
Even in the case of the well-established cotton industry in Egypt the 
crop moves to the market very gradually, much of it not reaching the 
manufacturer until the following spring or summer. Meanwhile, it 
must be financed. 


1Tt is estimated that in 1913 about $20,000 and in 1914 about $37,500 was paid to 
Indians of the Papago and Pima tribes as wages for picking cotton in the Salt River 
Valley. These sums, in addition to what was derived from the sale of the crops grown 
on the reservation lands, indicate that the combined income from Egyptian cotton which 
accrued to the Indians of southern Arizona approximated $40,000 in 1913 and $50,000 
in 1914. 

27TLe extent to which the money brought into the locality by this new crop is dis- 
tributed among the population is indicated by the estimate that during the picking season 
of 1914-15 a total of $150,000 was paid out in wages to cotton pickers in the Salt River 
Valley. 
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In view of the uncertainties attending the marketing of long-staple 
cotton from a new locality, brokers are not likely to risk paying what 
they believe to be the full value of the crop if asked to take it un- 
classed in round lots, as it comes from the gin. For that matter, 
even when they have the advantage of a well-established market, 
farmers would probably benefit by holding their cotton in storage 
until it can be classed into even-running lots and sold with the least 
element of risk to the cotton merchant or the spinner. : 

The associated growers in the Salt River Valley have met this 
problem of financing the crop by a plan of community credit. Ar- 
rangements were made with local banks to secure the necessary 
funds. Each bale of cotton, as soon as it was ginned, was placed in 
storage and a receipt was issued against it, these receipts being used 
as collateral for loans through the association. In this way it was 
possible for the grower to secure money to defray his expenses for 
picking and ginning without losing possession of his cotton until it 
was finally sold to the manufacturer. In the absence of such a sys- 
tem of community credit, it probably would have been necessary for 
the grower to sell his cotton as soon as it was ginned for whatever 
price he could obtain. 


GINNING IN RELATION TO PRODUCTION. 


The roller gin which is used for Egyptian cotton can not be oper- 
ated as rapidly or as cheaply as the saw gin which is used for Upland 
cotton. The charge ordinarily made for ginning Egyptian cotton in 
the Salt River Valley is $10 per bale, which is more than twice as 
much as is charged for ginning Upland cotton in the South. The 
actual cost of ginning Egyptian cotton in Arizona is probably less 
than the figure specified, and is likely to be materially reduced 
through the adoption of certain improvements in the machinery. 

Instead of depending upon custom ginning, two of the associations 
of cotton growers in the Salt River Valley operate their own plants. 
The experience of these farmers, which is in accord with that of 
farmers in the eastern cotton belt, indicates that the best results are 
obtained when the ginning is under the control of the producers. 
The market value of cotton may be very greatly reduced by careless 
ginning, and when the gin operator has no other interest than to 
secure the largest possible outturn, the commercial value of the prod- 
uct is likely to be impaired. 

Cotton ginning is a technical operation, which requires experience 
and skill to secure the best results. The cooperative ownership and 
management of a gin by the growers does not in itself insure capable 
and efficient management, but it does afford the owners of the crop 
an opportunity to insist upon the work being properly done. This 
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opportunity is seldom afforded when the cotton is handled by custom 
gins. In either case, it is of the utmost importance to the growers 
that the crop be classed or graded by a capable and impartial expert 
as soon as it leaves the gin. Prompt grading serves to warn the 
farmer if either the picking or ginning is being poorly done, and 
gives him this warning in time to enable him to secure better work. 

The grower is interested in the way the ginning is done, not only 
because of its effect on the value of his lint, but also because of its 
relation to his supply of seed for planting. Where only uncontrolled 
custom ginning is available the grower has small chance of main- 
taining the purity of his seed. 

The opinion appears to be gaining ground among students of cot- 
ton production that the improvement of the industry depends fully 
as much upon good ginning as upon good cultivation or good picking. 
The surest way to obtain good ginning is by cooperative ownership 
and operation of the gins. 


GRADING THE CROP. 


It was pointed out on a preceding page that uniform grades of 
Egyptian cotton must be established and maintained from year to 
year if the crop is to find ready sale at its full value. In recogni- 
tion of this fact steps were taken in 1913 to establish standards of the 
different types and grades produced in the crop of that year. A cot- 
ton-grading expert was detailed from the Office of Markets and Rural 
Organization to cooperate with the growers’ association for this 
_ purpose. The work was continued in 1914, the standards having been 
perfected and arrangements having been made for spinning tests, in 
order that the cotton might be placed on a sound basis of market 
value. The scope and results of this standardization work are given 
in a report from the Office of Markets and Rural Organizations.” 


MARKETING THE CROP. 


Notwithstanding the facts that the Egyptian type of cotton has 
not been grown previously on a commercial scale in the United 
States and that the Salt River Valley is a new cotton-growing local- 
ity, comparatively little difficulty has been experienced thus far in 
disposing of the product. This is due largely to the cooperative ac- 
tion of the growers in grading and marketing their cotton, which has 
made it possible for them to offer it in uniform lots of sufficient size 

1 Experiments that demonstrate in a striking manner the readiness with which seeds 
of different varieties of cotton become mixed in commercial ginning establishments have 
been described recently by D. A. Saunders and P. V. Cardon. (Custom ginning as a 
factor in cotton-seed deterioration. U. 8S. Dept. Agr. Bul. 288, 8 p., 5 fig. 1915.) 


2Martin, J. G. The handling and marketing of the Arizona-Egyptian cotton of the 
Salt River Valley. U.S. Dept. Agr. Bul. 311, 16 p., 3 pl. 1915. 
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to interest the buyers. Another factor has been the willingness of 
progressive manufacturers who recognize the need of developing new 
sources of long-staple supply to purchase and try out this cotton 
while its production was still in the experimental stage. 

The few hundred bales produced in 1912 were readily disposed of 
at good prices, being purchased by a firm of thread manufacturers. 
In 1913 the dull condition of the cotton market and the lack of 
established contracts between the growers’ associations and the spin- 
ners of staple cottons retarded the disposal of the much larger crop. 
The portion of the crop controlled by the associated growers was, 
however, finally sold on satisfactory terms through a large inter- 
national firm of cotton buyers, which sent an agent to Arizona to 
superintend the purchase and shipment of the crop. 

In 1914 the same cotton-buying firm, which has shown a construc- 
tive interest in the development of Egyptian-cotton growing in the 
Salt River Valley, again handled a large proportion of the crop, and 
it was moved out promptly, either on actual sale or on consignment, 
as fast as it was ginned and classed. On the other hand, some of 
the individual growers who did not belong to the cooperative asso- 
ciations experienced difficulty in disposing of their cotton. 

It should be noted that ever since the establishment of the indus- 
try the crop has been sold each year in open competition with the 
vastly larger crop produced in Egypt. The effective organization of 
the Arizona growers and the intelligent application of the best prin- 
ciples in growing, handling, and marketing the crop and in main- 
taining the seed supply are largely responsible for this satisfactory 
result. 

MAINTENANCE OF THE SEED SUPPLY. 


It was pointed out in an earlier publication! what steps should. be 
taken by the associated. growers and what kind of assistance the 
Department of Agriculture could furnish in guarding against the 
deterioration of the seed used for planting. 

The growers having signified their desire to cooperate with the 
department along these lines, experts were detailed during the sum- 
mer of 1913 to rogue a limited acreage of well-grown cotton in 
order to obtain seed for increase during 1914 and for general plant- 
ing in 1915. In 1914 the department’s experts, assisted by repre- 
sentatives of the Salt River Valley Egyptian-Cotton Growers’ Asso- 
ciation, rogued about 100 acres which had been planted with seed 
from the fields which were rogued in 1913. Every plant in this 
acreage was examined, and the unproductive and off-type plants, 
amounting to about 1 per cent of the total, were removed. The 


1 Kearney, T. H. Seed selection of Egyptian cotton. U. S. Dept. Agr. Bul. 38, 8 p. 
1913. 
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work was done early in July, soon after blossoming began, in order 
to take out the inferior plants before their pollen should contaminate 
those left in the field. Of the cotton grown from seed produced by 
fields which were rogued in 1914, about 100 acres were rogued during 
the summer of 1915, somewhat less than 1 per cent of the plants 
being removed. 

The association undertakes to have the seed from the rogued fields 
ginned under such conditions as to avoid mixing with other seed and 
also to have the seed sacked and tagged as it comes from the gins, 
in order to prevent mixture while it is held in storage. The rogued 
seed is placed by the association in the hands of careful farmers hay- 
ing good land sufliciently remote from other cotton to prevent crossing. 
The fields planted under these conditions are inspected during the 
summer, and the product of those which are properly grown and 
are otherwise satisfactory is ginned separately, in order to furnish 
seed for general planting the second year after the roguing is done. 
Thus, the seed used for general planting in 1916 will be derived 
from the fields which were rogued in 1914, and that which is used 
for general planting in 1917 will be derived from the fields rogued 
in 1915. It is believed that the seed from inspected fields can be 
sold for planting at a price very little above current oil-mill prices, 
thus removing the temptation to plant wnselected seed because it is 
cheaper. 

If the growers’ association follows year after year the plan thus 
outlined it is to be expected that deterioration, if it occurs, will be 
so gradual that there will be time for the substitution of a pure 
‘strain selected and multiplied at the plant-breeding station. 


AGRICULTURAL RELATIONSHIPS OF THE CROP. 


The outstanding agricultural feature of cotton production in Ari- 
zona is the value of the crop in the farm rotation. Alfalfa, which 
occupies more than half the irrigated land in the Salt River Valley, 
is the basis of the agriculture of that locality; but the alfalfa fields 
after a few years become so badly infested with Bermuda grass and 
other weeds that their value is greatly impaired. It has been found 
that these old alfalfa fields, when thoroughly broken up and worked 
into good tilth, yield large crops of cotton. At the same time the 
intertillage of the cotton crop while the plants are young and the 
complete shading of the ground later in the summer effectually rid 
the land of weeds. One or two well-tilled crops of cotton following 
alfalfa will leave the land clean and in excellent condition for re- 
seeding with alfalfa or for growing other crops. Because of its 
renovating value in the farm rotation, cotton is a valuable crop for 
the Salt River Valley, quite aside from the cash returns it brings. 
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Less water is needed for the production of cotton than for the 
production of alfalfa, particularly early in the season. In fact, 
the total seasonal quantity of water needed for irrigating cotton is 
probably not much more than half that needed for the irrigation of 
alfalfa. The significance of this point lies in the fact that there is 
more irrigable land in the Salt River Valley than can be supplied 
with irrigation water. Hence, the growing of a crop which permits 
economy of the water supply may permit the ultimate extension of 
the irrigated area. 

A portion of the irrigated land in the Salt River Valley has been 
damaged by the excessive irrigation of alfalfa, which-has resulted 
in the land becoming swampy. While this trouble has not .been 
serious, it has occasioned anxiety on the part of certain landowners 
and has necessitated the formulation of plans for a drainage system. 
The growing of cotton on these areas tends to reduce the danger of 
waterlogging. 

Another advantage of cotton as a crop for the irrigated Southwest 
is the fact that the product is a staple and nonperishable commodity. 
Practically all of the other crops yielding high cash returns per acre 
are perishable and involve the hazard of heavy losses if the market 
_ is temporarily oversupplied. Cotton, on the other hand, is not sub- 

ject to rapid deterioration if not sold promptly. 


COST OF PRODUCTION. 


In an earlier report on the Egyptian-cotton industry in the South- 
west,' the various factors involved in the cost of production were 
discussed, and the conclusions stated were as follows: 

The cost of producing an acre of Hgyptian cotton, estimating a yield of 1,800 
pounds of seed cotton per acre, may be summarized as follows: Seed, tillage, 
and irrigation, $15; picking, $386; ginning and baling, $10; making a total cost 
of $61 per acre, exclusive of interest on land investment. It should be kept in 
mind that these figures are merely approximations. The actual costs will be 
found to vary between wide limits, both above and below these figures. 

After two years’ additional experience, an estimate of the cost of 
production has been prepared by Mr. W. S. Dorman, who has grown 
the crop for three years and who has also served as president of one 
of the local associations of growers, a position which has enabled 
him to keep in close touch with the progress of the new industry. 
Mr. Dorman’s estimates are shown in Table IV. 

From these estimates, which include the item of interest on the 
land investment and deduct the value of the seed produced, Mr. 
Dorman has calculated the net cost of production per pound of lint 


1 Scofield, C. S. Hgyptian cotton culture in the Southwest. In U. S. Dept. Agr., Bur. 
Plant Indus. Cire. 123, p. 21-28, 2 fig. 1918. 
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as 16.54 cents when, the yield is two-thirds of a bale per acre, and 
13.65 cents when the yield is one bale per acre. 


TABLE 1V.—Oost of producing Egyptian cotton in the Salt River Valley based on 
yields of two-thirds of a bale and 1 bale to the acre. 


Cost per acre of— 


Item of cost. | 
Two-thirds 


| 
afaibale: | One bale. 
Plowime, preparing soil, cultivating, and seed........-..222.--------------20---- $15. 00 $15. 00 
INTERIM EG\toe Be pegs ho Cee 6 ae ees See eS oh Secs ee ee 1.50 1.50 
ECE PSEC CORTON cea nico teases acicls a elcine orice = 2 ~ HOMER het ee ners gecees 24.00 36.00 
PRREMOULAMONMO PION 28s Pe ete See vceae ass 12s See oe desist bee Se cen 2.50 3.00 
SMM at A COOLS POM POUNG eae generic. 6 ness coe mbemee renee s+ ose selelacies 6.72 10.00 
Initerestroniel oO ati Sipercents. 62.2 ie lve. bee. ee 2 Sede ee 12.00 12.00 
PROCANCOST Ia se teri: co eteic oe cnitee aeaoe bin). > ee EE SEES. Fase pees 61.72 77.50 
Value of cotton seed at 75 cents per 100 pounds. ............-..-.---------------- 6.15 9. 26 
INGHCOSTON GS oa tek ma Nests cisicie as o's sins oo. See Aemisieeise caeeteee nc 55. 57 68. 24 


The estimates given probably approximate very closely the average 
cost of producing Egyptian cotton in the Salt River Valley and show 
clearly the importance of securing large yields per acre if the 
industry is to be profitable. This fact is still further emphasized by 
the following statement (Table V) of the actual expenditures of a 
grower who, in 1914, produced cotton on a 40-acre field which yielded 
nearly 14 bales per acre. The crop was produced entirely by hired 
labor. 


TABLE V.—Cost per acre of producing 40 acres of Egyptian cotton in the Salt 
River Valley in 1914. 


, 


Cost per 
~ acre. 


Item of cost. 


FSSC yaya | DEES A oe ieee a Sa aS 
MEI MAORI LOL ee Cane sete settee cicaces acilcise. sa0e 
Picking 2,552 pounds of seed cotton, at 2 cents.....-..-- 
Ginning, insurance, yardage, and association expenses. - 
MPOreStIaNOLaxOSe erie Ones shane ee SR Ss 2. See 


INGUCOSiN POI CHO Ma eet se se ares ae ay el ietalen/= </n'o, = st eeeeetnIe tenn ine saiersiaysnie o syatein Sati abesaeiaye 


Yield of cotton lint per acre, 736 pounds ; net cost of lint per pound .....-....--.-...--- cents... 12. 37 


1 This figure of cost of production per pound of lint is not directly comparable with those 
arrived at by Mr. Dorman on the basis of yields of two-thirds of a bale and of one bale per 
acre, respectively, certain elements in the cost of production, notably land valuation (in- 
terest and taxes), having been differently estimated in the present instance. 


This field gave one of the highest yields obtained in the Salt River 
Valley in 1914. It is a much larger yield than can be expected as 
an average from even the better lands. The figures are given here 
merely to indicate the importance of using the best methods of tillage 
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and irrigation if reasonable profits are to be obtained from the pro- 
duction of this crop. Even with the abnormally low prices obtaining 
last year, this farmer made a fair profit on his investment. 


TILLAGE METHODS. 


The best methods of preparing the land for Egyptian cotton and 
of irrigating and cultivating the crop have been worked out by Mr. 
E. W. Hudson, superintendent of the Cooperative Testing and 
Demonstration Garden at Sacaton, Ariz., and are described by 
him in a recent publication of the Department of Agriculture.t 

The essential features of these methods consist in the early and 
thorough preparation of the land; careful leveling, so that the entire 
field can be irrigated uniformly; early planting; getting the seed 
into moist soil; late thinning; leaving the plants close together in 
the row; the sparing use of irrigation water until the plants blossom; 
thorough cultivation as long as the size of the plants permits; and 
frequent light irrigation after blossoming begins until the crop is 
fully matured. 


LATE THINNING AND CLOSE SPACING. 


he Egyptian-cotton plant makes a very luxuriant growth on the 
irrigated lands of the Southwest. Because of this fact, it was 
thought necessary at first to plant the rows wide apart (as much as 
5 feet) and to thin severely, leaving the plants finally 24 to 3 feet 
apart in the row. Under these conditions each plant attained a 
large size and produced several long vegetative branches, or “ limbs.” 
It was also customary at first to do the thinning, or “chopping” as 
it is called, when the plants were very small and had only two or 
three leaves in addition to the seed leaves. While this system of 
planting and thinning gave good yields, it was found that the crop 
was so late in maturing as to be in danger of frost injury in the 
autumn, and also that the large size of the plants and their numerous 
vegetative branches made the picking very difficult and expensive. 
Closer investigation of the branching habits of the plant developed 
the fact that these troublesome vegetative branches could be sup- 
pressed by delaying the thinning until the plants are 8 to 10 inches 
high and have 10 to 12 normal leaves, and by leaving the plants 


closer together in the row.? 
The best spacing distance for the plants has been found to depend 


somewhat upon local and seasonal conditions. Mr. E. W. Hudson 


1 Hudson, E. W. Growing Egyptian cotton in the Salt River Valley, Arizona. U. S. 
Dept. Agr., Farmers’ Bul. 577, 8 p. 1914. 

2 These investigations were made by Mr. O. I’. Cook and his assistants, and the details, 
of the investigations, as well as the cultural recommendations resulting from them, have 
been published in several bulletins and circulars, for the titles of which see the last 
section of this paper on the literature of the industry. 
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states that on rich alfalfa land and with irrigation properly managed 
6 to 8 inches is about the right distance, while on new land the plants 
can safely be left 4 inches apart. The thinning should be done in such 
a way as to result in suppressing practically all of the vegetative 
branches without stunting the growth of the central stem or shading 
too much the lower fruiting branches. 

This new method of delayed thinning and of closer spacing of the 
plants has resulted in securing a much earlier development of the 
crop, as well as in making the picking much easier and cheaper. The 
time and manner of thinning are so important that they merit the 
closest personal attention of the grower, the more so as it is impossible 
to lay down general rules which will be equally well suited to each 
type of soil and to each season. 


UNDESIRABILITY OF RATOONING EGYPTIAN COTTON. 


The winters of southern Arizona are often mild enough to allow 
many of the old cotton stumps to remain alive in the ground, and it 
is possible to grow a second crop from them. This has suggested the 
ratooning of Kgyptian cotton, a practice which has recently had some 
advocates in the Salt River Valley. Ratconing was formerly prac- 
ticed in Egypt, but the system was discontinued in that country be- 
cause of the poor quality of the fiber produced. The practice has also 
been thoroughly tested with Durango cotton in the Imperial Valley, 
where the results were unsatisfactory. 

While ratooning saves the labor of spring planting and results in 
the earlier maturity of the crop, it has no other advantage. A perfect 
stand can rarely be had, and the seedling plants with which the gaps 
must be filled ripen later than the ratooned plants and produce fiber 
of different length and quality, making it impossible to obtain a uni- 
form product from the field. It is questionable whether the very early 
ripening of the ratooned cotton is really a benefit, since it necessitates 
picking during the hottest season of the year. It would also be 
difficult to keep the land from becoming weedy if this method were 
followed. Finally, the practice of leaving the old stumps in the 
ground would favor the increase of such injurious insects and fungi 
as might gain a foothold in the locality. The advisability of replant- 
ing the fields each year with the best seed obtainable can not be too 
strongly urged. : 

ENEMIES OF THE CROP. 


Fortunately no very serious diseases or insect enemies of the crop 
have yet appeared in the Salt River Valley. A weevil, very closely 
related to the Mexican cotton boll weevil and capable of feeding 
upon and depositing its eggs in the bolls of cotton, is native to the 
mountains of southern Arizona, occurring on a wild plant somewhat 
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nearly related to the cotton plant.t_ Neither this weevil nor the true 
Mexican boll weevil has-as yet been observed in the cotton fields 
of the Salt River Valley. An aphis commonly attacks the young 
plants, and in 1914 it persisted in large numbers until late in the 
summer, but it has not been shown that this insect causes serious 
damage to the crop. Bollworms occur in small numbers, but have 
not thus far been a source of appreciable damage. ‘The dreaded 
pink bollworm, which has recently played havoc with the cotton 
crop of Egypt, has fortunately not yet been observed in the United 
States, and it is to be hoped that the measures taken by the Federal | 
eeneulinell Board will prevent. its introduction. 

Certain fungous diseases, while rather common, do not appear to 
be severely injurious. The seedling cotton nits are subject to 
attack, especially when cold weather occurs after planting, by a 
species of Rhizoctonia, causing the disorder known as “sore shin.” 
When this disease is very prevalent, some replanting is likely to be 
necessary, but the plants which survive soon cease to show any effects 
of the trouble. Small areas, particularly in old fields which have 
previously been in alfalfa, are subject to a root rot, or wilt,? which 
toward the end of the summer causes the cotton to die rapidly in 
well-defined spots. The percentage of the total acreage thus affected 
~ is small, and the disease does not appear to spread rapidly through 
- the soil or to be a serious factor in production when a suitable rota- 
tion of crops is followed. 

The cotton seedlings are also subject to a disorder known as leaf- 
cut,? which is apparently a physiological derangement not asso- 
ciated with a parasitic organism. The symptoms are mutilation of 
the leaves and sometimes the abortion of the growing point of the 
stem, resulting in the malformation of the plants most seriously 
affected. Since the plants are subject to this disorder only while 
very young, the system of late thinning eliminates its effects by 
permitting the “chopping” out of the malformed plants. 


CONDITIONS OF SUCCESSFUL EGYPTIAN-COTTON PRODUCTION. 


The experience gained in connection with the establishment of the 
community growing of Egyptian cotton in the Salt River Valiey 
makes it possible to formulate the conditions which appear to be 
indispensable to the successful production of this crop in the United 


1 Cook, O. F. A wild host plant of the boll weevil in Arizona. Jn Science, n. s., v. 37, 
no. 946, p. 259-261. 1913. ; 

Bailey, Vernon. The wild cotton plant (Thurberia thespesioides) in Arizona. In Bul. 
Torrey Bot. Club, v. 41, no. 5, p. 301-306, 2 fig. 1914. 

Coad, B. R. Relation of the Arizona wild cotton weevil to cotton planting in the arid 
West. U.S. Dept. Agr. Bul. 233, 12 p., 4 pl. 1915. 

2The identity of this disease has not yet been established. ; 

2 Cook, O. F. Leaf-cut, or tomosis, a disorder of cotton seedlings. In U. 8S. Dept. Agr., 
Bur. Plant Indus. Circ. 120, p. 29-34, 1 fig. 1913. 
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States. These are, briefly, (1) a growing season of about nine 
months, or several weeks longer than is required to mature a full 
crop of Upland cotton; (2) a reliable supply of water for irriga- 
tion; (3) labor sufficient to pick the acreage planted; (4) absence 
of other types of cotton in the locality, as otherwise pure seed and 
a uniform fiber can not be maintained; (5) an acreage sufficient to 
warrant the purchase of roller gins and other equipment and the 
employment of a competent classer, in order to market the cotton in 
even-running lots of commercial size; and (6) the cooperative organi- 
zation of the growers for the purpose of maintaining the seed supply, 
operating the gins, and marketing the crop. 

Communities in which all of the above conditions can not be met 
are not advised to undertake the growing of Egyptian cotton. In 
any event, a new community which contemplates the growing of this 
crop should experiment at first on a small scale and under expert 
advice, in order to make sure before investing capital in the enter- 
prise that the climatic and soil conditions are favorable to producing 
large yields and a good quality of fiber. 


CONCLUSION. 


The history of the establishment of Egyptian-cotton production 
in the Salt River Valley is believed to have more than a special or 
local interest, since it offers a good illustration of the numerous 
biological, agronomic, social, and economic difficulties encountered 
in developing a new agricultural industry and furnishes sugges- 
tions as to how these complex and diversified problems may be suc- 
cessfully solved. That cooperation is the keynote of success has be- 
come very clear in the progress of the present enterprise. In this 
instance cooperation has been maintained along the following lines: 

(1) Cooperation among the investigators has brought to the solu- 
tion of the special problems different equipments of technical train- 
ing and knowledge and different points of view, while their collective 
judgment has been focused upon matters of general policy. The cor- 
dial and effective cooperation of the administrative officers of the 
Department of Agriculture has also been an important factor in 
this connection. 

(2) Cooperation among the growers has made it possible to pro- 
duce and market the crop economically and to maintain the uniform- 
ity and high quality of the variety grown. 

(3) Cooperation between the growers and the investigators has 
made it possible to put into effect without delay the most improved 
methods of production and marketing. This cooperation has been 
maintained by personal contact, since, in addition to the field agents 
of the department who have worked constantly in the community, 
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members of the Committee on Southwestern Cotton Culture have made 
frequent visits to the Salt River Valley. The attitude of the officers 
and members of the growers’ associations in their cooperation with 
the Department of Agriculture has been of the most cordial and 
helpful character, and has been a very important factor in the estab- 
lishment of the industry. 

(4)/ Cooperation with the cotton manufacturers on the part of 
both investigators and growers has also contributed largely to the 
development of the industry. Manufacturers have assisted most 
willingly and effectively in making spinning tests of the product 
from time to time, and in furnishing both to the Department of 
Agriculture and to the growers’ associations useful information 
concerning the cotton. This information has guided the growers 
to better methods of handling the product, and has given the investi- 
gators helpful suggestions in connection with the breeding work. 
Some of the manufacturers interested in this type of cotton have 
visited the Salt River Valley in order to learn at first hand the con- 
dition and prospects of the industry, while representatives of the 
growers’ associations and of the department have been welcome visit- 
ors at mills where the cotton is being utilized. 

The policy of the Department of Agriculture in encouraging the 
_ production of long-staple cotton on the community basis is beginning 
to be appreciated by manufacturers and buyers, many of whom 
now realize that in order to obtain year after year ample quantities 
of cotton of unchanging character they must look to localities where 
the farmers are organized to grow only one kind of cotton, to pre- 
vent deterioration of the type by seed selection, and to class and 
market their crop as a unit. 


LIST OF PUBLICATIONS BEARING ON EGYPTIAN-COTTON GROWING 
IN THE SOUTHWESTERN STATES. 


The following is a list of publications dealing with the activities 
of the United States Department of Agriculture in connection with 
the establishment of Egyptian-cotton growing in the Southwest. 
Several of the publications listed do not deal directly with Egyptian 
cotton, but are included because they describe different phases of the 
investigations which have formed the basis for the establishment 
of this industry. 

Hegyptian cotton in the southwestern United States. By Thomas H. Kearney 


and William A. Peterson. Bureau of Plant Industry Bulletin 128. Issued 
June 13, 1908. 
Suppressed and intensified characters in cotton hybrids. By O. F. Cook. 
Bureau of Plant Industry Bulletin 147. Issued April 7, 1909. 
Hxperiments with Hgyptian cotton in 1908. By Thomas H. Kearney and 
William A. Peterson. Bureau of Plant Industry Circular 29. Issued April 16, 
1909. 
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A study of diversity in Egyptian cotton. By O. F. Cook, Argyle McLachlan, 
and R. M. Meade. Bureau of Plant Industry Bulletin 156. Issued July 24, 1909. 

Local adjustment of cotton varieties. By O. F. Cook. Bureau of Plant 
Industry Bulletin 159. Issued September 28, 1909. 

Origin of the Hindi cotton. By O. F. Cook. Bureau of Plant Industry 
Circular 42. Issued December 11, 1909. 

Mutative reversions in cotton. By O. F. Cook. Bureau of Plant Industry 
Circular 53. Issued March 21, 1910. 

Cotton selection on the farm by the characters of the stalks, leaves, and bolls. 
By O. F. Cook. Bureau of Plant Industry Circular 66. Issued August 18, 1910. 

Breeding new types of Hgyptian cotton. By Thomas H. Kearney. Bureau 
of Plant Industry Bulletin 200. Issued December 23, 1910. 

Dimorphie branches in tropical crop plants: Cotton, coffee, cacao, the Cen- 
tral American rubber tree, and the banana. By O. F. Cook. Bureau of Plant 
Industry Bulletin 198. Issued January 14, 1911. 

Hindi cotton in Hgypt. By O. F. Cook. Bureau of Plant Industry Bulletin 
210. Issued May 11, 1911. 

Arrangement of parts in the cotton plant. By O. F. Cook and R. M. Meade. 
Bureau of Plant Industry Bulletin 222. Issued October 3, 1911. 

Dimorphie leaves of cotton and allied plants in relation to heredity. By 
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INTRODUCTION. 


‘Termites, or “ white ants,” which are classed among the most in- 
jurious insects to man’s industry in tropical regions, are by no 
means restricted to the Tropics and in the United States are capable 
of seriously damaging the woodwork as well as the contents of 
buildings and other structures of wood, and occasionally the roots of 
living trees and various growing crops. In the United States these 
insects more frequently occur and more often become a pest in the 
Southern States. Due to their subterranean habits, insidious method 
of attack, and often countless numbers, termites are very difficult to 
destroy. Always coming up through underground galleries, they 
work under cover, avoiding exposure to the light, so that the damage 
is often hidden until beyond repair. 


CLASSIFICATION. 


“ White ants” are not ants, but, because of their superficial resem- 
blance to ants (except in color) and their communal habits, they have 
been almost universally so termed. Thus these insects, since they live 


1The species principally treated herein are Leucotermes flavipes Kollar, L. virginicus 
Banks, and L. lucifugus Rossi. 
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in colonies which are made up of various highly specialized forms or 
castes, are naturally to be classed among the so-called social insects, 
comprising the ants, bees, and wasps. Each of these forms has a 
duty in this organization and there is a division of labor. In the 
systematic classification of insects, however, termites are widely sep- 
aratéd from the other social insects, which represent the highest and 
most specialized development, while termites are among the lowest 
and oldest insects. Further, in many points in their life habits ter- 
mites differ widely from the other social insects. 


DESCRIPTION OF THE INSECTS. 


THE DIFFERENT FORMS OR CASTES IN THE COLONY. 


Since the work of termites is largely subterranean, or under cover, 
the insects are rarely observed at work and the injury is often hidden 


Hic. 1.—Leucotermes flavipes: a, Adult male; b, terminal abdominal segments from below ; 
c, same of female; d, male, side view, somewhat inflated by treatment with ammonia ; 
e, abdomen of female, side view ; f, tarsus, showing joints and claws. a, d, e, Enlarged ; 
b, c, f, greatly enlarged. (After Marlatt.) 


until the destruction of the wood that they are inhabiting is complete. 
An indication of the presence of termites is the annual flight or 
swarm of the winged colonizing sexed adults which emerge in enor- 
mous numbers from the ground and crevices or holes in infested 
wood. 

In the communal societies of termites, however, there are both 
wingless and winged mature individuals, as well as the young of the 
different forms in various stages of development. The brownish or 
blackish, elongate, slender, antlike adults (fig. 1) with long white 
wings are not the most destructive form, although they have biting 
mouthparts, but are migratory individuals which have the sexual 
organs developed, and appear normally only once a year during a cer- 
tain season, which varies with the species. These male and female 
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reproductive forms have functional eyes, and, unlike the other forms, 
are especially adapted to endure full sunlight, since it is necessary 
that they come above ground to found new colonies, possibly be- 
cause of a superabundance of life in the old, parent colony, or in order 
that the species may become more widely disseminated. 

The dirty-white, soft-bodied, large-headed, wingless “ workers” 
(Pl. I, fig. 1) comprise the most destructive form. These “ workers” 
have varied and important duties; they make the excavations, enlarge 
and extend the colony as this becomes necessary, and care for and 
protect the young and reproductive forms. The soft-bodied, wingless 
“soldiers” (PI. I, fig. 2), which have an elongate narrow head armed 
with long, slender, saber-shaped jaws, and the workers are the most 
numerous forms permanently present in the colony. The duty of the 
specially developed soldiers is apparently protective. Both the work- 
ers and soldiers consist of individuals of either sex, but the sexual 
organs remain undeveloped. The integument of the body of these 
insects is delicate and the chitinous plates are never very hard. These 
forms are blind and rarely appear above ground; hence in all their 
operations they carefully shun the light, which they nevertheless are 
apparently able to detect. Other forms are the reproductive indi- 
viduals, which may be either a single pair, the normal king and queen 
(Pl. II, figs. 1 and 2), or in other colonies many supplementary forms 
of nymphal types (PI. II, figs.3 and 4; text fig. 4,b) or larval types 
(fig. 3; fig. 4, ¢). 


THE DIFFERENT SPECIES OF TERMITES. 


Of the many different species of termites in North America, the 
habits of only three are here considered in detail, namely, the com- 
mon native termite (Leucotermes flavipes Kollar), a European ter- 
mite (Leucotermes lucifugus Rossi), and the native southern species 
(Leucotermes virginicus Banks). ‘These termites are greatly similar 
in form and habit and are all wood-destroying species of subterranean 
habits, with a relatively northern distribution. The winged sexed 
adults have strongly reticulated wings." 


In case of flavipes (“ yellow foot”), these adults are clear castaneous-brown, 
9 to 10 mm’. in length, including the wings, which are dull white in color, or 
plainly darkened, the borders being clear brownish, except at the base. The 
simple eyes or ocelli are separated from the faceted compound eyes by the width 
of their diameter. The swarm is usually in April or May. The soldiers are 6 to 
7 mm. in length, the head being about once and two-thirds as long as broad. 

In lucifugus (“light shunning”), the winged adults are dark blackish-brown, 
11 to 12 mm. in length including the wings, the latter being dull smoky blackish 
with the borders black-brown. The ocelli are nearer to the compound eyes. 
This species swarms from October to April. 

The southern smaller species (virginicus) is yellowish brown in color, being 
7.5 to 8 mm. in length, including the wings, which are not darkened. The 


1 Subgenus Reticulitermes Holmgren. 21 mm.—one twenty-fifth inch. 
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swarm is usually in early June or later in the summer. The soldier is more 
slender than in flavipes, 4.5 to 5 mm. in length, the head being twice as long 
as broad. 

In certain localities where several species of termites are known 
to occur the injury herein described can not always be attributed to a 
definite species, since specimens of the insects were sometimes not 
taken. This is particularly the case in the Southwestern and Gulf 
States and on the Pacific coast. It is probable that species not pre- 
viously recorded as injurious will be found to be injurious, and 
it is known that undescribed species or those new to science occur. 


COMMUNAL ORGANIZATION AND LIFE. 


SITUATION OF THE COLONIES OR NESTS. 


In North America termites do not construct large permanent nests 
of earth or mounds above ground, as in the Tropics. They make the 
nests in the wood of dead trees, decaying logs, or stumps in the for- 
est; or in the foundation timbers of buildings, fences, or other struc- 
tures of wood in contact with the ground; or in a labyrinth of under- 
ground passages in the earth, usually underneath wood. or other 
vegetation. These nests are not as permanent as the mound nests, 
since the species have wandering habits and there are seasonal 
changes in the colony life. These species of termites (Leuwcotermes 
spp-) are essentially wood destroyers; their excavations usually 
follow the grain in solid wood. A protective outer shell of wood 
is always left intact by these blind, soft-bodied insects. Termites 
infest buildings by means of tunnels through the ground to and up 
through the foundation timbers, or, in case of foundations of stone 
or other impenetrable material, cover their pathway by means of 
“sheds” constructed of earth and excrement over the surface to the 
woodwork. Termites sometimes inhabit and enlarge the burrows of 
various other wood-boring insects. 


SEASONAL VARIATIONS IN THE COLONY. 


The center of activity in termite colonies changes with the seasons, 
due to varying needs as to conditions of warmth and moisture. In 
the eastern United States, in spring, when there is abundant mois- 
ture, outlying galleries of colonies are teeming with life, where, dur- 
~ ing the heat of summer, conditions would be too dry. In arid regions 
termites burrow deep into the ground; consequently in summer they 
bury themselves more deeply, going into the less exposed galleries. 
Tn the late autumn or at the beginning of winter (in-northern Vir- 
ginia, late October or early November) they enter the ground and do 
not come above ground till late in February or early March. Again, 
the colony readily migrates and the site is abandoned if conditions 
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Fic. 1.—Mature *‘ workers” of Leucotermes flavipes; chloroformed, livinginsects. Enlarged 
three times. (Original.) 


Fic. 2.—Mature “soldiers” of Lewcotermes flavipes; chloroformed, living 
insects. Enlarged three times. (Original.) 


TERMITES, WORKERS AND SOLDIERS. 
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PLATE II. 


Fia. 1.—Mature ‘‘king”’ of normal Fic, 2.—True “‘queen”’ with wing stubs 


form, several years ofage. Ether- and castaneous pigmentation to 
ized specimen, enlarged six times. chitinized parts. Enlarged six times. 


(Original. ) (Original. ) 


= 


eke eee 


Fic. 3.—Neoteinic nymphal 
“king” showing tapering 
abdomen and characteris- 
tic pubescence. Enlarged 
seven times. Alcoholic 
specimen, (Original.) 


Fic. 4.—Neoteiniec nymphal ‘‘ queen” 
with straw-colored pigmentation to 
chitinized parts. Enlarged seven 
times. (Original.) 


REPRODUCTIVE FORMS OF TERMITES. 
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become unfavorable. A single colony may be spread over an extensive 
area, and it is often impossible to define the limits of a colony. At 
higher altitudes in the Appalachian Mountains, in the canyons of the 
Southwest, and in high mountains in the West, termite colonies in 
the earth and under stones are more common. Colonies of Kutermes 
are commonly found in the earth. 


NUMBER OF INDIVIDUALS IN COLONIES. 


Average colonies probably contain several thousand individuals. 
In old, long-established termite colonies the number of individuals 
runs up into the tens of thousands. Young, recently established or 
incipient colonies are small and the increase in numbers is slow. 


THE LIFE CYCLE. 
THE METAMORPHOSIS AND CASTE DIFFERENTIATION. 


The recently hatched termite larve (fig. 2) are all similar or un- 
differentiated, but are active from the first. Ata later molt two types, 
large and small headed larve, 
can be distinguished. The former, 
after a series of molts and quies- 
cent stages of comparatively short 
duration, develop to workers and 
soldiers, the latter to reproduc- 
tive forms. 

There is no apparent or ex- 
ternal change in the development 
of the worker, the larva being 
active and of the same form as 
the adult. There are marked 
changes, however, in the develop- 


ment of the soldier with narrow. Tic. 2.—Leucotermes flavipes: a, Newly 

; i ye a hatched larva; 6b, same from below ; 
elongate head and saberlike jaws, pce a iMeninrced® SCitom) var: 
from the round-headed worker- Jatt.) 


like larva. The winged, pigmented, sexed adults and the several types 
of neoteinic reproductive forms are developed from small-headed 
larvee, there being still more radical changes, the former originating 
from nymphs of the “ first form,” with long wing pads, the latter 
from nymphs of the “second form” (Lespés) with short wing pads, 
or from young larve. 

However, in all stages of the development of termites, what may be 
termed the “antlike” form of all castes can be recognized. There 
are no long inactive larval and pupal stages as in the ants and other 
social insects. 

In the life cycle of termites there is so much variation in the de- 
velopment of the castes that there is consequently a rather complex 
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life history. Young are kept in a retarded, undifferentiated state 
and can be rapidly turned into supplementary or substitute repro- 
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Fic. 3.—Leucotermes flavipes: V.arval, worker-like re- 
productive form (‘‘ ergatoid queen,’”’ 9 mm. in length, 
alcoholic specimen). (Original.) 


ductive forms of both 
SEXES. 


THE SEVERAL TYPES OF RE- 
PRODUCTIVE FORMS. 


The nymphs of the 
first form, with long 
wing pads, develop to the 
winged sexed adults, 
which, after the swarm, 
lose the wings and be- 
come the kings and 
queens of the normal re- 
productive form. These 
normal kings and queens 
are blackish or brown in 
color, have eyes, and re- 
tain the stumps of their 
discarded wings (fig. 
As O\ceon 

From the nymphs of 
the second form, with 
short wing pads, are de- 
veloped, probably by the 
workers, individuals of 
the substitute nymphal 
reproductive form of 
both sexes (Pl. II, figs. 
3 and 4; text fig. 4, bd). 


‘These nymphs of the 


second form are merely 
nymphs of the first form 
whose usual development 
to the pigmented, winged. 
sexed adults is retarded 
at a certain stage and 
never completed; the in- 
sects, instead, acquiring 
a pale yellowish or gray- 
ish color and becoming 


sexually mature normally after the sexed adults have swarmed. Indi- 
viduals of this neoteinic reproductive form are apparently blind, not 
being destined to leave the parent colony, unless by underground 


tunnels. 
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Another type of substitute or neoteinic reproductive form, which 
greatly resembles the worker (“ ergatoid”), is developed from young 
larvee of the sexed forms. Of a pale yellowish or grayish color and 
having no wing pads (fig. 3; fig. 4, c), individuals of this larval sup- 
plementary reproductive form are apparently blind and never leave 
the parent colony, unless by underground tunnels. 

In neither of the types of supplementary reproductive forms do the 
queens become as large as the normal queens, but there are usually 
many present in the same colony, as well as several males, or kings. 
The largest queen found in the United States of Z. flavipes Kol. is 
only 144 mm. in length and 4 mm. in width (measured while liv- 


Cras 
Fic. 4.—Leucotermes flavipes: Details of head and thorax of the three forms of repro- 
ductive females. a, True queen, or adult form, 14.5 mm. in length, wing stubs’ present ; 
b, supplementary or “ neoteinic’’ queen, or nymphal form, 9 mm. in length, wing pads 
present; c, worker-like or ‘‘ ergatoid’”’ queen, or larval form, 9 mm. in length, without 
wing pads. (Original.) 
ing)—a queen of the normal type with wing stubs. Nymphal neo- 
teinic queens 12 mm. in length (alcoholic specimens) and larval neo- 
teinic queens 7 mm. in length (measured while living) are the largest 
that have been found of this species. The abdomens of nymphal 
queens are often distorted by the development of the ovaries and 
present an irregular, lopsided outline. These neoteinic forms of 
both sexes are probably developed to take the place of the normal 
forms in case of loss or possibly in the establishment of branch colo- 
nies; i. e., they may be impelled to migrate from overstocked colonies 
by means of underground passages. Queens of all these different 
types of reproductive forms are active even after the abdomen has 
become greatly distended. 
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DURATION OF DEVELOPMENT AND LIFE. 


The workers, like the soldiers, complete their development in less 
than a year. The development of the nymphs of the reproductive 
forms (coming from larve that will mature the sexual organs) 
apparently requires two seasons. . 

For the development of the queen of the normal type to the maxi- 
mum size several years are required. ; 

There are no data on the length of life of individuals of the various 
castes, but the king and queen probably continue to live together for 
many years, under normal conditions, since they are of equal impor- 
tance to the community. . 


THE SWARM. 


At a certain season of the year the colonizing, winged, sexed 
individuals are impelled to migrate from the parent colonies in 
decaying logs, stumps, woodwork in buildings, etc. In case of the 
widely distributed species flavipes, the colonizing forms emerge from 
colonies in April or early in May in the Southern States or the last 
of May or early June in the Northern States; the swarm usually 
occurs in the morning or in the middle of the day, in case of large 
colonies usually lasting about two hours. The southern species 
virginicus swarms in early June, but sometimes as late as the first part 
of August in northern Virginia; while the species Jucifugus of Medi- 
terranean Europe swarms from the middle of October to April in 
Texas, Kansas, Colorado, and on the Pacific coast, usually after show- 
ers. Often several swarms occur from the same colony, extending 
over a period of four weeks. In colonies in infested buildings the 
winged males and females usually emerge about one month before 
the swarm occurs outdoors. 


THE FOUNDATION OF NEW COLONIES. 


After the adults have rapidly emerged from the parent colony, 
from crevices in the infested wood, in a swarm of enormous numbers 
and have flown a short distance in an irregular, “ wobbly ” manner, 
they fall to the ground. The flight is usually not farther than from 
75 to 100 feet, but the insects, usually flying low, are sometimes car- 
ried farther by the wind. Both during and after the flight they are 
promptly preyed upon and destroyed by many insectivorous animals 
which are attracted to the cloud of flying insects, resulting in an 
enormous mortality. 

Among these enemies are many species of wild birds which are 
attracted to swarms of termites in woodland and greedily capture the 
flying insects in midair. 


a 
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Hagen states,’ in mentioning an exceptionally large swarm which 
occurred in Massachusetts : 

Last Sunday, May 19 (1878), on North Avenue, near Everett Street, there 
passed just before the windows of the house of Prof. Hedge, while the family 
was at breakfast, a cloud of flying insects, dark enough to draw the attention 
of the family. They went out of doors and saw the cloud coming from the 
east, a part alighting on the garden steps. Some of the insects were preserved 
alive and sent to me, and proved to be Leucotermes (Termes) flavipes. 

The phenomenon was more remarkable, and their attention more strongly 
called to it, by finding 15 different kinds of birds following the insects so 
eagerly that even the presence of the family did not disturb them. Besides 
the common robbins, bluebirds, and sparrows, were others not seen before near 
the house. The birds caught the Termes partly in flight, partly on the ground, 
and the robins were finally so gorged in appearance that their bills stood open. 

I think such a flock of birds following an emigration of white ants—which 
is very common in the Tropics—has never been noticed here. Perhaps the 
very early appearance of white ants (commonly they arrive in the middle of 
June) explains the hunger and eager persecution of the birds, as other insects 
are still rare. 

The Biological Survey has found that termites constitute part of 
the food of at least 27 of the species of birds living in the United 
States. The woodpeckers are represented in this list by 8 species, 
and no fewer than 1,100 termites have been found in a single stomach 
of the common flicker. Other birds consuming noteworthy numbers 
of termites are the nighthawk (largest number found in one stomach. 
920), chimney swift (160), tree swallow (75), barn swallow (50), 
and bank swallow (50). The complete list of birds is as follows: 
Wood duck, hairy woodpecker, downy woodpecker, red-cockaded 
woodpecker, Nuttall’s woodpecker, pileated woodpecker, flicker, red- 
shafted flicker, gilded flicker, nighthawk, chimney swift, kingbird, 
Cassin’s kingbird, black phoebe, western wood-pewee, horned lark, 
meadowlark, song sparrow, scarlet tanager, barn swallow, tree swal- 
low, bank swallow, mockingbird, catbird, Carolina wren, wood 
thrush, and bluebird. 

Barnyard fowls also are attracted to the swarming insects and cap- 
ture large quantities of the insects as they emerge. Lizards (in 
California and in southeastern Texas) have been observed to de- 
vour swarming termites. Many different species of spiders also 
prey on the insects after they alight on the ground. Among the in- 
sects, ants? greatly diminish the number of the colonizing indi- 
viduals at the time of the annual swarm. Centipedes have been 
observed in Virginia to carry away in their mandibles workers from 
a disorganized colony; they are sometimes found in the covered 
earthen runways of termites. Crickets* have been recorded feeding 

1 Hagen, H. A. Note.—IJn Proc. Soc. Nat. Hist. Boston, v. 20, p. 118, Nov. 27, 1878. 


2 Species of Cremastogaster, Camponotus, and Formica. 
3 Gryllus pennsylvanicus Burm. 
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on swarming adults (ducifugus) in Kansas (McCulloch). Probably 
there are many other insectivorous animals that reduce the enormous 
number of winged termites. 

While clumsy in flight, termites are able to run rapidly, but ap- 
parently never wander great distances. Further, even some of those 
pairs that escape being devoured fail to become established in new 
colonies because of unfavorable moisture conditions in the incipient 
colony. 

The male is attracted to the female, and after the flight, either 
before or after the now useless and retarding wings have been dis- | 
carded by being pried off at a suture near the base, tirelessly and 
closely follows her about. In this manner the insects separate into 
pairs and become established in shallow cells in the earth, usually 
under decaying pieces of wood, in holes in the wood, or under moist 
bark, thus independently establishing new colonies. 

The female in seeking the site of the new colony is sometimes 
followed by more than one male, and in shallow cells excavated by 
these reproductive forms there may be one female associated with 
two males or vice versa. 

MATING. 


During the first stages of colonization both the male and female are 
active, forage for themselves, and are apparently equally important 
in the establishment of the new colony and the independent rearing 
of the first brood of young. 

The habitation of the male and female or incipient colony is 
called the “royal cell,” since it is occupied by a single parent pair, - 
the especially developed “ king and queen,” which have originated 
from the winged, sexed adults after the swarm. ‘The first brood is 
reared within the confines of this small chamber. In this type of re- 
productive form, after the pair have become established together, 
there is further sexual development and the abdomens of both sexes 
increase slightly in size. In case of the queen there is a later consid- 
erable post-adult growth. 

Unlike the other social insects, the sexual relations of the male and 
female termite are continued. Copulation probably does not take 
place until about one week after the swarm and the establishment of 
the pair in the royal cell, but is repeated at irregular intervals over 
a period of many years. 


THE RATE OF EGG LAYING. 


Ege laying in newly established colonies in case of the species 
flavipes, in the southeastern United States, begins about the middle 
of June or July; and in late June to July, or August—unhatched eggs 
being present till the middle of August—in incipient colonies of 
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virginicus, varying with the season, or about one and one-half months 
after the swarming. Usually only 6 to 12 eggs compose the first 
batch; they are deposited in a cluster in the royal cell and are care- 
fully tended. The eggs begin to hatch in about 10 days after they 
are laid. 

Most larvee of the first brood develop to workers and a few to sol- 
diers. While the recently hatched young are active they are de- 
pendent on the care of the parents for food. During the develop- 
ment of the first brood the male continues to share the cell with the 
female and both are active. The abdomen of the queen at this time is 
not markedly distended. Egg laying ceases after the first batch is 
laid and is not resumed until the first brood of young is mature, 1. e., 
about six months after the first eggs were laid. Copulation and egg 
laying occur at shorter intervals and more frequently from now on 
and the abdomen of the queen gradually enlarges, eventually be- 
coming greatly distended through constant care and feeding by the 
workers and the enormous development of the ovaries. These queens 
never reach the size-attained by species in the Tropics. 

The rate of egg laying and development of the young and active 
queen of this normal type is slow and the new colony is small. Even 
after the rearing of the first brood the increase in numbers is not 
rapid. The capacity for egg laying becomes gradually increased as 
the abdomen-enlarges, but queens of these species (Leucotermes) 
never entirely lose the power of locomotion. An isolated, fully de- 
veloped queen of flavipes (approximately 14 mm. in length) was 
capable of laying, after capture, over 1 dozen eggs between 5 p. m. 
and 9 a.m. Hence even in large, well-established colonies the rate 
of egg laying of normal queens is not remarkable. However, where 
there are many neoteinic reproductive forms of both sexes in colonies 
the increase is rapid and extensive. The rate of egg laying is not 
comparable to that in tropical species. 

Since no types of the reproductive forms ever entirely lose the 
power of locomotion, there is, in consequence, no permanent royal 
cell, but these forms are usually in a cell in the more solid wood. In 
winter they probably are to be found below the frost line in the 
ground, where termites pass the cold season in a labyrinth of gal- 
leries. Wood-boring ants‘ are to be found in frozen masses in 
galleries in wood, but the soft-bodied termites pass the winter below 
ground in a state of sluggish activity or are more or less dormant. 


THE PERIOD OF MAXIMUM EGG PRODUCTION. 


In large, long-established colonies of flavipes in the eastern 
United States eggs and newly hatched larve (fig. 2) are to be found 


1Cremastogaster sp. and Camponotus sp. 
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from April to October; in incipient colonies of flavipes in northern 
Virginia the first eggs are laid by the middle of June or July, or 
from the last of June to July or August in case of virginicus. 

In northern Virginia, in well-established colonies, the period of 
maximum egg production of both species is from the middle of May 
to early September; that is, during the warm months. 

In infested buildings occupied by man termites are able to maintain 
their activity during the entire year, and it is probable that eggs 
are produced in every month of the year. 

The eggs are tended by the young parent adults in the royal cell _ 
in incipient colonies, but in long-established colonies the eggs are 
removed by the workers and deposited in clusters in the outlying 
galleries of the colony where conditions are best suited for rapid 
hatching. 


GEOGRAPHICAL DISTRIBUTION. 


Termites are widely distributed over the world, but increase in 
numbers as the Tropics are approached. ‘There are many species in 
North America. Our common species favipes, according to Marlatt, 
is very widespread over North America, “ occurring from the Atlantic 
to the Pacific and from Canada southward to the Gulf. It has been 
found on the mountains of Colorado and Washington at a height of 
over 7,000 feet.” This termite has been introduced into Europe, being 
also reported to occur in Japan. S. Hozawa states? that Leuco- 
termes spretus Kolbe is the only representative of the genus Leuco- 
termes in Japan, and that L. flavipes has not been found in Japan. 
Another termite closely allied to flavipes, lucifugus, occurring in the 
Mediterranean countries of Europe and also in western France and 
Hungary, but being especially abundant throughout southeastern 
Europe, according to E. A. Schwarz, originated in Mexico. This 
insect has also been introduced into North America (western United 
States). In the United States lucifugus is found in Texas, Arizona, 
Kansas, Colorado, and southern California, and proably occurs else- 
where. This species also occurs at high altitudes in Colorado, i. e., 
about 6,000 feet. The native species virginicus is recorded from the 
District of Columbia, Maryland, and Virginia, but probably has a 
wider distribution. 

In the prairie regions of Texas and Arizona a tube-forming ter- 
mite* lives in the ground, in pasture tracts, feeding on the roots of 
grass and other vegetation, often being found under and within dry 
cow dung and under stones. A characteristic habit of this grass- 
destroying species is to cover the stems and roots of vegetation with 


oes of the College of Science, Tokyo ier Univ., v. 35, art. 7, p. 82, Apr. 30, 
1915, ‘‘ Revision of the Japanese Termites.”’ 
2 Hamitermes tubiformans Buckley. 
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tubes of small diameter, constructed of earth and excrement (PI. 
IiJ). M. Chrisman has found these termites in Arizona under simi- 
lar coverings at the base of mesquite stumps, fallen limbs, twigs, 
etc. ; always on the dry wood, but not in cells in the wood, apparently 
eating only the outside. Many other termites occur in North and 
Central America. 


ECONOMIC IMPORTANCE OF TERMITES IN THE UNITED STATES. 


While termites damage a great variety of wooden structures, stored 
books, documents, paper, and other material, as well as occasionally 
injuring or killing living trees, shrubs, and growing crops, the prin- 
cipal and most serious damage is to foundation timbers and the wood- 
work of buildings occupied by man and the contents or material 
stored therein. Similar damage to other construction timber in con- 
tact with the ground is considerable in the Southern States. Appar- 
ently, it is only occasionally that these insects attack living trees and 
shrubs, growing crops, or other vegetation, and then only because 
the land has been recently cleared and there is much decaying wood 
or humus in the soil; or, according to C. L. Marlatt, of the Bureau 
of Entomology, in the case of corn in the prairie region of Kansas, 
because the insects are present in enormous numbers and have been 
breeding in the heavily sodded soil, where they feed on the roots of 
the vegetation. Sometimes this injury to growing corn is due also 
to the method of plowing under old stubble. 

Hence, in the following account of general damage to a great 
variety of stored material and products, as well as living crops, it 
should be borne in mind that such damage is usually occasional, and 
then only local and not in general a serious problem. 


DAMAGE TO BUILDINGS AND OTHER STRUCTURES OF WOOD. 


Damage to foundation timbers, flooring in basements, and other. 
woodwork of dwellings occupied by man, as well as to other buildings, 
is common and occasionally serious in the eastern and southern 
portions of the United States, especially in the South Atlantic and 
Gulf States. Injury of this type has been recorded as occurring in 
large cities,’ as well as in rural regions, as far north as Manchester, 
N. H., and the shores of the Great Lakes (Benton Harbor, Mich.). 


1 Records in the correspondence files of the Bureau of Entomology and branch of Forest 
Insect Investigations include Benton Harbor, Mich., Manchester, N. H., Boston, Mass., 
New York, N. Y., Atlantic City, N. J., Philadelphia, Pa., Wilmington, Del., Baltimore, 
Md., Washington, D. C., Wheeling, W. Va., Cleveland, Cincinnati, and Dayton, Ohio, 
Indianapolis, Jeffersonville, and South Bend, Ind., Cazenovia, Ill., St. Louis, Mo., Char- 
lotte, N. C., Charleston and Spartanburg, S. C., Louisville and Franklin, Ky., Memphis, 
Tenn., Augusta and Savannah, Ga., Montgomery and Birmingham, Ala., Vicksburg, Miss., 
Jacksonville, Miami, and St. Augustine, Fla., New Orleans and New Iberia, La., Beaumont, 
Dallas, and San Diego, Tex., Little Rock and Van Buren, Ark., Oklahoma City and 
Wewoka, Okla., Manhattan, Kans., Colorado Springs, Colo., Salt Lake City, Utah, and 
localities in southern California. 
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W. D. Hunter stated on November 6, 1915: “The recent hurricane 
injured practically every building in ie city |New Orleans, Le | 
more or less, and hundreds were completely demolished. * * 
Many of the exposed beams were mined by insects and in many 
cases at least this weakening of the timbers was an important con- 
tributory cause of the loss.” Much of this damage was probably due 
to termites. 

Termites usually gain entrance to buildings from eolenies out- 
doors, and since the workers can extend subterranean galleries for 
comparatively long distances, it is often impossible to trace the in- 
sects to the outside source. However, these galleries, constructed in 
search of moist or decaying wood, originate in decaying stumps, poles, 

cee oe posts, boards, or other decaying 
wood, or in the earth not very far away. 

By means of these subterranean tun- 
nels infestation by way of wooden 
beams, joists, or supports of porching 
or steps in contact with the ground is 
effected. Termites can even pass over 
impenetrable surfaces, such as- stone, 
brick, or concrete foundations, by means 
of small sheds or tubes constructed of 
earth and excrement on such surfaces or 


Flatrened 


Gplindtrca/ a 
Fic. 5.—Suspended tubes con- by means of suspended tubes (fig. 5). 


structed by termites (Leuco- s oar s : 
PSranke Hau iene areata Sometimes ingress is gained through 


excreted wood, Elkins, Va. cracks in concrete where foundation 

ae. iO ean Leland timbers are imbedded in this material. | 

tion.) _ These insects have even been recorded 
by Forbes as boring several feet through the mortar or cement between 
the stones in foundation walls and brick partitions of the Statehouse 
at Springfield, Ull., and by Grant as perforating the mortar of the 
brick walls of a Missouri Pacific Railroad engine house (probably 
through cracks or where the cement was disintegrated). There are 
several records of termites piercing the lead covering to telephone 
cables in Australia and the United States (Savannah, Ga.). 

Since their work is hidden, the presence of termites is often not 
discovered till the damage is beyond repair. Thus beams, flooring 
(Pl. XV, p. 28), walls and other woodwork, even up to the second and 
third floors, and furniture are reduced to mere outer shells, the 
interior being completely honeycombed; often these intervening lon- 
gitudinal layers of wood that are left uneaten are reduced ‘to the 
thinness and consistency of paper. Sometimes the settling of floors 
or the collapse of joists is the first indication that the building is 
infested. This often necessitates extensive repairing or complete 
rebuilding after tearing down and removing the. infested timber. 
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However, the annual emergence of the winged adult termites is an 
indication of infestation and the point of emergence shows the ap- 
proximate location of the infested timber. The presence of the 
earthlike tubes on timber or rock foundations of buildings is also a 
warning that the building is infested by termites. 

While injury by termites in tropical regions affects not only the 
soundness of the building,’ but the dry, hard wood of furniture and 
other contents as well, in this country attack is usually begun in moist 
or decaying foundation timbers. However, termites are able to ex- 
tend their burrows throughout dry, hard wood and other dry sub- 
stances, provided that there is access to moisture elsewhere; i. e., 
they make use of a mixture of moist frass and earth in creating more 
favorable conditions. Thus there is, in infested buildings, occasional 
damage to flooring, wooden partition walls, wainscoting, molding, 
door casing (Pl. IV, fig. 2), sills, window and door frames, wooden 
lath and wall plaster,? as well as to tiling o rother interior construc- 
tion made of wood pulp (PI. V), furniture, wall paper, starched 
cotton curtains, and various stored material. 

In infested buildings, where they have worked for several years, 
the insects having usually entered the house by means of joists or 
stringers in contact with the ground or set in concrete, work is begun 
in the flooring next to the walls, and burrows are excavated in toward 
the center of the room. The woodwork of coal bins in cellars some- 
times becomes infested and is the cause of the insects gaining entrance 
to the flooring and other woodwork of the building. 

Flooring, other woodwork, and furniture in infested buildings 
above boilers or furnaces where the temperature is high or the wood 
is moistened by hot steam are especially lable to attack. 

In addition to the private residences, hotels, and business houses 
occupied by man, termites infest factories, granaries, barns, green- 
houses, sheds, outhouses, and other wooden structures. The frame- 
work of wooden greenhouses, which are always warm and moist, is 
especially liable to attack and may be seriously damaged. The in- 
jury in these structures is extended to the wooden plant benches, 
plant tubs, label sticks, and sometimes to the growing plants. 

Many other structures of wood are damaged by termites, any tim- 
ber in contact with the ground being especially lable to attack. 

1 Calotermes marginipennis Latr., recorded from Central America (Mexico and Panama) 
and California, is especially injurious to the woodwork of buildings and other structures, 
and such injury in the Southwestern States and in California may be due to this or 
closely allied species of Calotermes. This species excavates chambers in the interior of 
the solid wood, rather than honeycombing it as do species of Leucotermes. (Pl. IV, fig. 
1.) An indication of the infestation by Calotermes is the small oval sculptured pellets of 
excrement expelled by the insects. There is a record of damage to painted dry siding of 
a railroad business car at Los Angeles, Cal., by Calotermes, Apr. 6, 1915, and to the pine 
sill of a porch at Balm Beach, Fla., May 4, 1915, by Cryptotermes cavifrons Banks. 

2In Baltimore, Md., and in Charlotte, N. C., the plaster laid on wood and patent metal 


lathing was probably only incidentally bored to allow the colonizing sexed adults to 
emerge at the time of the annual swarm. 
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Among these may be listed construction timber in bridges—there are 
only two actually recorded cases, one near Cambridge, Mass. (H. A. 
Hagen), and the other near Cleveland, Ohio (F. L. Odenbach)— 
wharves, and like structures; telephone and telegraph poles and poles 
used by electrical and other companies (in New York, New Jersey, 
Pennsylvania, West Virginia, southern Illinois, Indiana and Ohio, 
Missouri, Nebraska, California, and in general the Southern 
States?) ; hop and bean poles; mine props and other timbers on the 
slope of incline mines (in West Virginia and Alabama) ; posts, lower 
rails, and boarding of fences; lumber piled on the ground; crossties 
(New Jersey, Virginia, Maryland, and the Southern States); im- 
properly creosoted wood paving blocks (used as flooring in a factory 
building in Atlanta, Ga.; the wooden boxing or conduits of cables in 
the ground, to the detriment of the insulation; the woodwork in 
wells; wooden silo tanks; the ridge poles of tents, and tent pins (in 
desert near Boise, Idaho) ; wooden tree boxes; wooden beehives (near 
Shelbyville, Tenn.), the last being infested through wooden cross- 
pieces lying on the ground. 

According to F. H. Chittenden much injury is done by white ants 
(lucifugus) in hopyards. The dead roots, trellis poles made of red- 
wood, and pine string pegs are attacked in California. 

There is evidence that termites not only injure man’s habitations 
while alive, but also infest the last resting place of man on this earth, 
namely the pine boxes and coffins of the dead. Derry records exten- 
sive damage to skulls and bones generally by termites in graves in 
Egypt and Nubia,? and these insects have been observed in several 
localities swarming in cemeteries. Furthermore, they often burrow 
deep into the earth, especially where they can follow down decaying 
wood, as in the woodwork of wells, etc. G. A. Dean, entomologist of 
the Kansas State Agricultural College, Manhattan, Kans., states that 
McCulloch observed a swarm of termites in a cemetery at Anthony, 
Kans., on January 19, 1914, in which the winged insects* came out 
in enormous numbers and the ground was actually covered with.them 
in several parts of the cemetery. The temperature at this time was 


about 70° F. 
DAMAGE TO STORED MATERIAL. 


Wooden electrotype blocks (in New York, N. Y.) and other wood 
products, books in libraries or elsewhere, pamphlets, paper, docu- 
ments (PI. VI, fig. 1), and plans (PI. VI, fig. 2), wood-pulp products, 


1J—n California termite damage includes also that by Termopsis angusticollis Walker. 

2JIn southern Georgia and the Gulf States termite damage to poles of bald cypress and 
southern white cedar (Chamaecyparis thyoides) includes also that by Calotermes sp. 

%In many graves in Egypt and Nubia bones are found to be covered with a shell of 
earth; also in mummified bodies, where less bitumen or other preservative substances 
were employed, termites were able to make way through the cloth in which the body was 
wound, damage always being associated with earthwork and tunnels. 

* Probably Leucotermes lucifugus. 
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Fig. 1.—Termite work on railroad documents, Victoria, Tex., November 10, 1904. Photograph 
by W. E. Hinds. (Original.) 


Fie. 2.—Plans at Washington (D. C.) Navy Yard damaged by Leucotermes flavipes. 
January, 1913. Photograph by C. H. Popenoe. (Original.) 


TERMITE DAMAGE TO STORED PAPERS. 
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Stored paper burrowed by termites (Lewcotermes flavipes), the edges of the mines being 
covered with excrement. Atlanta, Ga. (Original.) 


DAMAGE BY TERMITES TO STORED PAPER. 
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Book from library at Van Buren, Ark., ruined by termites. June, 1915. Views of book open 
and onend. (Original.) 


VIEWS OF BOOK IN LIBRARY DAMAGED BY TERMITES. 


| TERMITES IN THE UNITED STATES. 17 


pasteboard, rolls of cloth, and other fabrics, clothing, shoes, and 
other leather products, as well as food stored in dark, damp base- 
ments or similar moist places where the ventilation is poor, are some- 
times seriously injured or destroyed by termites. At St. Louis, Mo., 
December 21, 1889, according to a correspondent of the Bureau of 
Entomology, termites bored through a full bolt of “Conestoga” 
ticking into wood about one-fourth to three-eighths inch in thick- 
ness. The ticking had been lying on a shelf for about a month and 
was covered with excrement where bored. Cotton yarn stored in 
a mill (Raleigh, N. C.) and cotton goods (Vincennes, Ind.) have 
been reported to be injured by termites. Entire stacks of books and 
paper (Pls. VII and VIII) are often completely penetrated and 
ruined by the burrows of these insects. W. S. Abbott has referred 
me to an instance at Manchester, N. H., where, according to E. J. 
Burnham,’ documents were damaged in a cement vault in a basement, 
the insects probably entering in with the pine boards sheathing the 
vault. Similar cases have been recorded in Washington, D. C., and 
elsewhere. ‘Termites usually infest this class of material indirectly 
through the moist or decayed wooden flooring, shelving, or casing on 
which the products are stored. At Cazenovia, Ill., paper lining under 
rugs and the carpets and rugs, where in their path, were eaten 
through, the insects coming up through the infested flooring under- 
neath. 

Some unusual cases of injury to other stored products have been 
furnished by F. H. Chittenden, in charge of Truck Crop and Stored 
Product Insect Investigations in the Bureau of Entomology; i. e., 
samples of flour received from New Orleans, La., in which were 
large lumps containing burrows made by Leucotermes flavipes, a few 
dead insects being still present in the same. The sacks containing 
this flour were unloaded on a platform under cover about the middle 
of November. The bottom sacks were cut as with a knife immedi- 
ately above the floor and in these bottom sacks the lumps of flour 
were found that contained the white ants. Some sacks and bags re- 
ceived containing rice were injured in about the same way. The bot- 
toms were eaten out of the sacks and the insects, by means of an ad- 
hesive substance, caused the rice to stick together at the bottom of the 
sacks. Another case of injury to stored rice occurred at Baton 
Rouge, La. Peanuts in store have also been attacked. On May 9, 
1910, many layers of damaged bandage muslin (PI. XIV, fig. 2), 
which had been lying on a wooden floor, were received from a Phila- 
delphia hospital. The correspondent stated that this had happened 
a number of times. 


1 Burnham, BE. J. Damage by white ants. In Nature Study, v. 3, no. 2, p. 201—203, 
Manchester, N. H., April, 1903. 
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DAMAGE TO FRUIT, NUT, SHADE, AND FOREST TREES. 


Termites occasionally injure a great variety of living trees, bushes, 
and shrubs. In Florida, according to H. G. Hubbard, termites have 
caused considerable damage to newly planted groves of orange trees, 
the bark being eaten away about the collar and root and the tree com-. 
pletely girdled. There have been many records since then of injury 
to young orange trees in newly cleared land (Marlatt). Similar dam- 
age by termites* has been recorded to apple, pear, cherry, and plum 
trees in the Southern States and California,? the roots being attacked 
or the trees injured near the base. H.S. Smith states * that “termites 
were reported to be damaging lemon trees in the vicinity of German- 
town” (California). On May 17, 1890, a piece of solid pear root 
damaged by termites was sent to the Bureau of Entomology from 
Mineral Park, Mohave County, Ariz. On May 9, 1902, a similarly 
damaged root of apple stock was submitted to the bureau from 
Moran, Okla. 

Such damage is more common in the new soil of recently cleared 
woodland containing old decaying stumps or much humus. Similar 
damage by Leucotermes spp. 1s recorded to pecan, chestnut, and 
walnut. 

Comstock records damage of the same kind to guava bushes in 
Florida, at or just below the ground. 

In cities shade trees in great variety are injured by termites, the 
insects infesting the roots and the heartwood at the base of injured 
trees. Sometimes the infested trees are plastered with earthlike tubes 
or galleries. 

In the forest termites rapidly* render insect, fire, and disease 
killed timber unmerchantable. They also damage the roots and lower 
trunk of injured living trees, especially oak and chestnut, sometimes 
following the attack of large wood-boring beetle larve.> In a letter 
dated October 24, 1915, A. B. Champlain states: “Termites are very 
bad on hickory saplings at Lyme, Conn. They quickly attack the 
infested trees, utilizing the Magdalis galleries, Goes galleries, or any 
other mode of entrance; in wounds on green trees as well as in trees 
of every stage of decay.” Where the heartwood is decayed in living 
trees or in dead standing trees termites will work for considerable 
distances above ground (40 to 50 feet), completely honeycombing 
the interior. (Pl. IX, fig. 1.) The earthlike tubes, in the form of 


1 Leucotermes sp. 

2Hssig, E. O. Injurious and Beneficial Insects of California. Supplement Mo. Bul. 
State Com. Hort. California, v. 4, no. 4, 541 p. (p. 28-29), 503 figs., 1915. Damage by 
Leucotermes lucifugus to various species of fruit trees; i. e., apricot, cherry, lemon, 
orange, peach, and pear. 

3’ Smith, H. 8., In Mo. Bul. State Hort. California, v. 4, no..1, p. 53, Jan., 1915. 

4The rapidity of destruction varies with the resistance of the wood of the species of 
tree and the geographical locality. 

5 Prionide. 
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longitudinal tunnels or viaducts, constructed by termites often can 
be observed between crevices in the bark of infested dead and living 
trees to a considerable distance above the ground. 


DAMAGE TO FIELD CROPS. 


In the Southern States termites occasionally injure the stems and 
roots of a great variety of apparently healthy field crops, including 
both grain and truck crops, among which may be listed corn, cotton, 
sugar cane, rice, grasses, and a great variety of garden vegetables. 
In Kansas the species /ucifugus is reported to inhabit dry vegetable 
and fibrous substances. 

Injury of this character has been only occasionally recorded, and 
in consequence there has been, and is, considerable doubt as to whether 
termites are capable of attacking perfectly healthy living plants, it 
being usually considered that the plants attacked were previously 
either diseased or injured. However, termites are capable of such 
primary attack, although such injury in every case is not necessarily 
primary. 

Comstock, as early as 1879, stated that in the Southern States 
termites infest living plants such as sugar cane (Florida) and 
pampas grass (Texas), attacking that part of the plant which is at 
cr just below the surface of the ground. The bases or stalks of 
pampas grass are hollowed; in case of sugar cane the most serious 
injury is the destruction of the seed cane. On July 6, 1915, T. E. 
Holloway found workers and soldiers of Leucotermes sp. in burrows 

_ of Diatraea in sugar cane at New Orleans, La. 

Kent states that at Roxie, Miss., termites+ destroyed a good many 
cotton stalks during the summer of 1887, attacking the: stalk just 
below the soil and eating out the interior, which would kill the 
plant in every instance. 

F. H. Chittenden records injury to roots of cranberry at Borden- 
town, N. J.; also, in cases where the species of termite was not 
determined, to young squash plants at Brownsville, Mercedes, and 
Mission, Tex. 


COTTON. 


W. D. Hunter, in charge of Southern Field Crop Insect Investi- 
gations, has furnished the following field notes. 

H. Pinkus, on June 22, 1910, in a cotton field on an irrigated 
farm at Lampasas, Tex., noticed many dead plants and some dying 
at certain places between healthy plants. Upon digging up the 
ground he discovered termites’? destroying the stem about 2 inches 
below the surface of the soil, a hole being bored through the stem 
and into the heart of the plant; some plants were recently killed. 
Pinkus stated that on June 30, 1910, in a cotton field at Granbury, 


1 Leucotermes flavipes. 2 Leucotermes lucifugus. 
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Tex., a number of dead plants were found that had been killed by 
termites. (Pl. X, fig.1.). On July 2, 1910, ina field at Pearsall, Tex., _ 
a large cotton plant that had borne fruit was found already wilted, 
evidently very recently. When the soil was dug up about 3 inches 
deep from the surface and the plant moved, the stalk came off, 
clean cut, and the termites came out of its heart; the lower part of 
the plant was gone and only a few small roots could be found. 
KE. 8. Tucker states that on July 12, 1910, an examination of a cotton 
field at Plano, Tex., showed termites present and working in a few 
roots that had been killed by a root-rot disease; the stalks had been 
dead and dry for some time. The roots were badly bored. (Pl. X, 
fig. 2.) : 
POTATOES. 

Injury by termites to potatoes has been recorded by C. L. Marlatt, 
who states that a very common form of injury to those growing in 
rich soil or where there is a considerable quantity of decaying vege- 
table matter has often been noted. F. A. Marlatt discovered that 
white ants caused the damage, the injury to the tubers having the 
form of scars or pits covering the surface, the pits varying in shape 
from irregular holes to long, irregular excavations, sometimes ex- 
_ tending far into the potato, but commonly to a depth of from one- 
_ eighth to one-fourth of an inch. In all cases these pits are more or 
less overhung and covered by the dead and dying skin, and are also 
lined with the cellular tissue of potato, showing that the insect cares 
most for the starch and water of the tuber. C. L. Marlatt now be- 
lieves that the termite injury to the potato may possibly be secondary 
to that caused by the scab disease, since white ants frequently eat 
out scabby spots on potatoes. In the Tropics, however, otherwise 
sound potatoes are attacked by termites. 

H. M. Russell found that sweet-potato tubers at Cutler, Fila., were 
being injured, the termites mining through the tuber and ae out 
nearly the entire interior. In most cases the insects entered the roots 
of the plants just below the earth and tunneled the stems. It is 
possible that termites similarly injure other tubers, as radishes, al- 
though there are no definite records. At Sabinal, Tex., on May 29, 
1910, F. C. Pratt exposed a small colony of termites? in the ground 
while digging radishes. _ 

CORN. 


Injury by termites to corn has occasionally been recorded, as may be 
noted from the following field records of F. M. Webster, late in charge 
of Cereal and Forage Insect Investigations. G.G. Ainslie states that at 
Clemson College, S. C., on August 5, 1908, several dead stalks of corn 
were found in a cornfield; they proved to be hollowed out inside and 


1 Marlatt, C. L. The White Ant. U. 8S. Dept. Agr. Bur. Ent. Cire. 2d ser. no. 50, 
rey. ed., 8 p., 4 fig., January, 1908. 
2 Hutermes sp.; colonies commonly are found in the earth in the Southwest. 
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Fig. 1—Heartwood of living chestnut tree disintegrated by Leucotermes sp. Falls 
; Church, Va. (Original.) 


Fie. 2.—Small corn plants with the ‘‘bud” killed by termites. These insects cut a hole into 
the stem at the base, severing the central shoot, which is dead at the top. Hurricane Mills, 
Tenn., June 19, 1912. Photograph by G. G. Ainslie. (Original.) , 
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Fic. 1.—Cotton roots injured by termites. Granbury, Tex., June 30, 1910. Photograph by 
H. Pinkus. (Original.) 


Fig. 2.—Cotton roots affected by root-rot and attacked bytermites. Plano, Tex., July 12, 1910. 
Photograph by E.S. Tucker. (Original.) 


DAMAGE TO COTTON PLANTS BY TERMITES. 
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full of white ants. In every case, however, the stalk showed that it 
had been attacked first by the larger corn stalk-borer (Diatrwa sac- 
charalis Fab.) and drilled about the base. It could not be deter- 
mined whether the plant was dead when the white ants attacked it 
or whether they killed it. The stalk was drilled out and hollowed up 
to about 10 inches from the ground. The plants when killed were 
about 2 feet high. On October 30 Ainslie again found many stalks 
of corn full of white ants. The stalks which contain the termites 
can be ascertained as soon as touched. In most cases the entire 
inside has been eaten out, leaving a thin shell with a plug of un- 
touched pith at the top. The stalk was usually entered at the bottom, 
underground. No forms but workers could be found. About 5 per 
cent of the stalks were infested, and each one contained from 5 to 75 
workers. 

Ainslie states that at Hurricane Mills, Tenn., June 19, 1912, in a 
field of young corn, numerous plants were found with these insects* 
mining in the ground and even up into the stalks. In most cases 
there was evidence to show that the termites had been attracted by 
some previous work of another insect and had merely kept on and 
enlarged the holes already started. These plants, by their dwarfed 
and deformed appearance, usually indicated the nature of the pre- 
vious work. However, some plants were found which had been in- 
jured solely by these white ants. The plants were healthy and normal 
except for a wilting of the central leaf or two. The termites had cut 
smoothly elliptical holes into the stalk just below the surface of 
the ground, but these holes were too far above the roots to be those 
of any kind of “ budworm.” Within the holes the termites had exca- 
vated upward, taking the central core cieanly out, so that the ampu- 
tated leaves would almost fall out in the wind. The colonies were 
not large, and it may be that the insects worked through passages 
from one central nest. This ground had been cleared many years 
and there were then no stumps or other rubbish in the field. (PI. 
IX, fig. 2, shows the manner of injury.) 

Similar injury to the stalk and taproot of corn has been recorded 
by several others in the field in North Carolina, Tennessee, and Ala- 
bama, the injury sometimes being primary, all castes being found in 
the stalks, and the insects apparently making permanent habitations 
in the plants. Termites breed in the stubble in the autumn, winter, 
and early spring, and later sometimes attack the young plants or 
the seed. 

In Kansas E. O. G. Kelly made observations indicating similar 
injury to corn in the field. At Wellington, Kans., on August 8, 1910, 
he states that several colonies of termites? were burrowing in corn- 
stalks. Some of the stalks had been bored for three to four joints, 


TERMITES IN THE UNITED STATES. a1 


1 Leucotermes flavipes. 2 Leucotermes sp. (probably lucifugus). 


22 BULLETIN 333, U. §. DEPARTMENT OF AGRICULTURE. 


and the joints were simply shells. The tops of the plants attacked 
were dying.. The termites seemed to prefer the pith. Some of the 
colonies were quite large and had attacked two or three stalks in one 
hill. On the 12th of August termites were active in five different 
cornfields. They had not attacked many plants in any area, but had 
severély bored those that were attacked, great hollows having been 
made by them. Some of the injured stalks had been previously 
attacked by Sphenophorus maidis Chittn., or other insects, but not 
all of them. The insects seemed to enter at a scar or break about 
the roots; none were above the ground. On the 22d of August Kelly 
found that quite a number of corn plants had been attacked by these 
insects and that the stalks were mere shells, having had the pith 
removed. No serious injury appeared to have been done to the 
plants, because most of them were small. By September 6 the corn 
plants were getting quite dry and the termites seemed to be increas~ 
ing. In a cornfield on one farm there were numbers of attacked 
plants. This field was an old prairie field and had been planted to 
corn the year before. There were no decaying stumps or wood of any 
kind in the field, and the termites evidently subsisted on the cultivated 
crop. On October 14, 1910, the termites were still active, burrowing 
in the dry cornstalks. A colony dug out contained thousands. The 
_ ground was filled with their burrows. Their nest did not seem to 
be anything but a series of burrows with young larve, etc., here and 
there all through them. On November 26 the termites were still 
burrowing in the stalks. On February 15, 1911, with the tempera- 
ture at 75° F. and the ground quite warm at noon, there was a swarm 
in a cornfield, along roadsides, and even from sidewalks in the city 
limits. On May 9 many termites were found in a cornfield that was 
planted to corn the year before; nine young plants had been injured. 
Single dead stalks sometimes contained 32 termites. 

Similar damage to a living corn plant about 1 foot high, tunneled 
by white ants and not previously injured, was found by J. J. Davis 
on June 18, 1915, at West La Fayette, Ind. 

H. E. Smith states that on May 8, 1913, in a field of corn 14 miles 
northwest of Mulvane, Kans., he found that this species? had eaten 
all the seed before germination in about 6 feet in the row, and they 
were apparently working straight down the row. No others could 
be found in the field. 


DAMAGE TO NURSERY STOCK, YOUNG PLANTATION STOCK, AND VINEYARDS. 


There are numerous records of termite injury to young fruit and 
nut-tree seedlings in nurseries, to other nursery stock, and to young 
trees planted in recently cleared ground or soil rich in humus. The | 


1 Leucotermes sp. (probably lucifugus). 
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injury, however, has been only occasional and not extensive, and 
usually has not been considered serious. The stock is usually at- 
tacked at a scar, where the roots have been injured or cut off, or at 
a graft, as “cleft-graft” apple stock. 


APPLE, 


At Wellington, Kans., on November 14, 1910, E. O. G. Kelly states 
that on several occasions dying and dead apple sprouts in a nursery 
had been severely burrowed. An examination of 3-year-old stock 
showed that the roots and body of a number of the trees had been 
burrowed in the same manner as the sprouts, and the termites* were 
in the burrows in these larger trees. About 5 per cent of the stand 
would have to be discarded on account of their ravages. The pest 
had been injurious for a number of years and was worse in dry 
years than in wet. The 3-year-old trees were quite badly damaged 
when they were put out in 1909, because the early spring was so dry. 
The 2-year-old trees were not very badly infested during the fall of 
1910. Quite a number of young sprouts were girdled, and the result 
of girdling is a dead tree. A count in three rows of the 2-year-old 
stock gave results of 8, 7, and 12 per cent, or an average of 9 sprouts 
out of every 100, infested. In the spring or 1-year-old stock the in- 
festation was quite severe. The rows near the hedge fence were 
15 to 30 per cent infested; out farther, from 6 to 70 per cent were 
infested. The severe infestation ran in local spots, not being general 
over the field, but there were infested plants in all parts of the field 
(Pl. XI). An adjoining cornfield was badly infested, numbers of 
stalks beg bored by them. Some of the trees were full of the in- 
sects, while some had been abandoned. On November 26 the termites 
were still active and burrowing in the apple sprouts. Peach sprouts 
and shade-tree sprouts in the same nursery were injured. 


PECAN. 


Herrick states that in Mississippi, in a pecan nursery where there 
was damage by termites, injury was most prevalent to seedling pecans 
of the 1-year growth. 

A. L. Quaintance, in charge of Deciduous Fruit Insect Investiga- 
tions, states that numerous reports relative to injury to pecan nursery 
trees by white ants have come from various parts of the pecan-growing 
area, as Texas, Florida, Mississippi (Pl. XII), Louisiana, etc. W. B. 
Wood investigated a case of serious infestation of a pecan nursery 
in the neighborhood. of Petersburg, Va. An inspection, on October 
8, 1912, of this nursery, which consisted largely of pecan trees vary- 
ing in age from 1 to 4 years, showed that the severest injury to the 


1 Leucotermes sp. (probably lucifugus). 
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trees occurred on stock 1 and 2 years old. _ Trees that had reached 
an age of 3 years showed little injury. This difference was probably 
‘due to the fact that the trees 1 and 2 years old were planted on 
recently cleared woodland, whereas the old trees were on old land, 
though closely adjacent to the badly infested area. Of the trees 1 
and 2 years old probably one-fourth of the total number had been 
destroyed during the summer, the injury being almost entirely below 
ground, although the excavations made by the termites occasionally 
extended an inch or two above the surface of the soil inside of the 
tree. Below ground the trees were frequently hollowed out until 
little more than a shell of bark remained. The insects made their 
entrance to the trees at some point below ground, the place most fre- 
quently chosen being the point where the taproot had been cut to 
cause it to branch out into a larger root system. From this point of 
entrance the insects worked upward, extending their galleries through 
the wood and enlarging them until the heart of the tree at the crown 
was entirely eaten away. Usually the affected trees did not show any 
indiéation of injury until they were badly damaged and then they 
died very quickly, the leaves sometimes drying on the limbs within a 

period of three or four days: ) 


VINEYARDS. 


Injury by termites to vineyards has occasionally been recorded in 
Algeria, in Bordeaux, France, and in North America. Usually 
only the weak or old vines with many pruning scars are attacked, 
or dead or injured parts, or ramifications of the stem or branches 
invaded by other pests, the healthy ramifications of the stock being 
exempt from invasion. Signs of attack are sickly foliage or abortive 
buds, or the injury is observed at the time of cutting down to stock 
or making graftings. S. H. Scudder records fatal injury to the 
roots of grapevines in forcing houses at Salem, Mass. 


DAMAGE TO SHRUBS, FLOWERS, AND GREENHOUSE STOCK. 


GREENHOUSE STOCK. 


Termites injure a variety of shrubs, flowers in gardens as well as 
in greenhouses, and weeds. Hagen states that our common native 
termite,’ introduced into Europe, so nearly destroyed one of the 
largest of the beautiful hothouses at Schoenbrun belonging to the 
Emperor of Austria that.it had to be torn down. Besides the beams, 
the termites destroyed the tubs in which the plants were set. Hagen 
states in 1876 that a few years before he had observed termites swarm- 
ing in clouds in the Botanical Garden at Cambridge, Mass. Manured 


1 By Calotermes flavicollis Fab. 2 Leucotermes flavipes. 
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TERMITE DAMAGE TO NURSERY STOCK. 


Damage to apple seedlings by Leucotermes sp. at Wellington, Kans. November, 1910. 


by E. O. G@. Kelly. (Original.) 


PLATE XI. 


Photograph 
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TERMITE DAMAGE TO NURSERY STOCK. 
Wortham, Miss., July 14, 1913. 
Photograph by J. H. Paine. (Original. ) eZ 


Pecan nursery stock killed by Leucotermes flavipes. 
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TERMITE DAMAGE TO GARDEN PLANTS. 


Geranium stems burrowed by ‘‘ white ants.’ 


Damage extensive in lath house and garden at 


Brownsville, Tex., 1915. Photograph by C. H. Popenoe. (Original.) 


‘ 
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flower beds around the walls of wooden buildings are a source of in- 
festation by termites. The soil in such beds is always less compact 
and warmer, and termites have been observed by Hagen swarming 
from such beds. 

Webster states+ that in 1896 termites were destructive in Ohio, 
burrowing in the roots of small trees. He figures the injuries to 
geranium cuttings that were being propagated in a greenhouse near 
Cincinnati, the termites destroying many cuttings by eating them off 
the benches. 

Chittenden states that the common white ant (flavipes) was re- 
corded some year's ago as occurring quite commonly on plants grown 
under glass, and that it is directly injurious to such growing vegeta- 
tion as greenhouse geranium (Pl. XIII), chrysanthemum cuttings, 
and other herbaceous plants, especially those with large stems or 
more or less woody stalks. The stalks found to be injured had been 
tunneled through and through by the white ants, and at the bottom 
near the roots the plants had given way to the inroads of numerous 


individuals. Several plants were killed outright. The causes of 


such attack can easily be traced to the colonies in old sticks that are 
used for recording the date of setting out, etc., and the termites min- 
ing in wooden benches. One such case was reported by L. C. Corbett, 
of the Bureau of Plant Industry, who stated that large begonia 
plants at Morgantown, W. Va., had been injured in a similar manner. 
Infestation was due to the undermining of the bench structure be- 
neath the plants, the insects having burrowed through the wood up 


‘. _through the drainage holes in the bottoms of the pots. Florists are 


sometimes sorely tried by these insects and state that “they attack 
everything.” Roses grown in greenhouses are sometimes badly in- 
jured by the girdling of the white ants. While partial to geraniums 
and chrysanthemums, termites, as shown by the records of the Bureau 
of Entomology, injure jasmine, pansies, and oleander. Wooden 
benches and plant pots are infested, as well as the woodwork of the 
buildings, the insects coming up through the ground from outside 
colonies. ‘Termites may be considered a serious greenhouse pest. 
According to G. A. Dean, entomologist of the Kansas State A gricul- 
tural College, on January 29, 1915, termites? swarmed in a green- 
house; there was a swarm in the same greenhouse on December 26, 
1914. W. E. Britton states* that more than 200 geranium plants had 
been ruined by termites,* which tunneled out the inside of the stem 
and main roots in the field at New Rochelle, N. Y. 


1 Webster, F. M. Some Particularly Destructive Insects of Ohio. Ohio Agr. Expt. Sta. 
Bul. 68, p. 19-58, 6 pls., 1896. 

2 Leucotermes lucifugus. 

* Britton, W. E. Injury to Geraniums by White Ants. Jn 14th Rpt. Connecticut State 
Ent. f. 1914 (Conn. Agr. Expt. Sta. Rpt. f. 1914, pt. 3), p. 196-197, 1915. 

+ Leucotermes sp. 
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ORNAMENTAL PLANTS. 


F. C. Pratt states that at Sabinal, Tex., on July 11, 1910, some 
small pieces of Opuntia infested with Mimorista larve were entirely 
covered with soil galleries by termites. Many insects were found. 
It yas also noticed that the galleries were extended to thé healthy 
plants. Most of the small pieces were shriveled, but this condition 
was primarily due to the termite attack. This injury to ornamental 
cacti has occurred many times before. 

On August 24, 1915, at Jacumba, Cal., F. P. Keen found workers 
and soldiers of Zamitermes sp. feeding on the surface of the rind of’ 
Yucca, where protected by the leaf bases, which are closely appressed 
to the stalk. The insects worked between the rosette of leaves and 
the flower stem. Jacumba is near the International Boundary Line 
and in a desert region. 

At Washington, D. C., termites (Z. flavipes) constructed earthlike 
tunnels around a wooden fern box in a window of a school building 
in October, 1915. When the insects came to a hole in one corner 
of the box—bored to allow the excess water to drip away—they 
suspended hanging tubes down through this hole. These were about 
3 inches in length and 14 inches in width at the bottom—the widest 
point. The opening at the bottom, through which the antenne of 
the workers and soldiers could be seen projecting, was about + inch 
in diameter. The shape of these tubes was somewhat like a funnel 
but the flare was not quite so marked. Termites infest the roots and 
stems of ornamental plants, in gardens or potted. 


WEEDS. 


E. S. Tucker states that on July 30, 1909, at Dallas, Tex., termites? 
occupied the hollow roots of a weed, Leptilon canadense. 'The insects 
had effected entrance through a hole in the root. On September 29, 
1911, at Wellington, Kans., according to KE. O. G. Kelly, termites 
had attacked stems of cocklebur, utilizing the entrance hole made 
by Papaipema nitela Hbn. At Colorado Springs, Colo., on March 7, 
1915, at an elevation of 6,100 feet, live termites+ were noted by 
G. Hofer in the dead stem of the common thistle. 


PREVENTIVE AND REMEDIAL MEASURES. 
| PREVENTIVES. 
PROTECTION OF WOODWORK IN BUILDINGS. 


The fact that the beams, as “joists,” “studding,” “stringers,” 
etc., of the basement are embedded in concrete is only a partial 
protection. In the settling of the house concrete is almost sure 


1 Leucotermeés sp. 
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to crack, allowing avenues of ingress, and the beams and _ joists 
put down in the moist material soon partially decay and become 
exceptionally good breeding places. From such beams the white 
ants carry their burrows up through the timbers of the first and 
even second floors (Marlatt). Flooring commonly becomes infested 
through the wooden beams or stringers laid directly on the earth 
or in moist concrete; untreated beams should never be laid on the 
earth and the spaces filled in with concrete, or in moist concrete, 
since they will rot, even if they do not become infested. An air space 
should intervene. Therefore the foundations of buildings should 
be entirely of brick, stone, or concrete, including the basement 
floor, without beams or joists sunken in the ground or concrete, 
and especially should this method of construction be followed in 
tropical and subtropical regions. H. von Schrenk, of St. Louis, 
Mo., states that in no case should timber joists be completely sur- 
rounded with mortar or brick; there should be an air space com- 
pletely around the joists so as to permit air circulation. 
Marlatt states that complete dryness is an important means of ren- 
dering buildings safe from attack. Books and valuable documents, 
_ ete., should not be packed away in unventilated chambers where they 
_ may become moist and moldy, as they are then particularly subject to 
attack by white ants, which are very likely to be present in old build- 
ings, even though their work has not been sufficient to bring them into 
special notice. 


USE OF RESISTANT WOODS. 


Certain species of woods are highly resistant to termite attack, due 
to the presence of oils, alkaloids, gums, or resins as well as to hardness 
and other factors. 

Maj. George Ahern, United States Army, reports, according to 
Marlatt, that California redwood has been used for more than 25 
years in the Philippines and has never been known to be injured by 
white ants. Its use in Manila is very general, especially in the con- 
struction of cabinets, filing cases, etc., where it is desirable to protect 
valuable papers from these insects. Redwood is not resistant against 

- termite attack in contact with the ground in California. 

Another resistant North American cabinet wood is black walnut; 
of the tropical species, teak, mahogany, and “ peroba” are resistant 
woods. 

As to timber to be set in contact with the ground, E. Gerry gives 
data+ on the durability of native hardwoods; of the conifers, incense 
cedar, eastern red cedar or juniper, western red cedar, and southern 
bald cypress are resistant. Durable and resistant exotic structural 


1@Gerry, Eloise. Tyloses: Their occurrence and practical significance in some American 
woods. Jn Jour. Agr. Res., v. 1, no. 6, p. 445-470 (p. 463-464), pl. 52-59, Mar. 25, 1914. 
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timbers are teak, greenheart, henum-vite, ete. “Karri” (L'ucalyp- 
tus diversicolor) and “jarrah” (2. marginata), of Australia, are 
resistant although not immune to attack by termites. 


REMEDIES. 


/ LOCATION OF DAMAGE TO WOODWORK IN BUILDINGS. 


The point of emergence of the flying termites may indicate approx- 
imately the location of the infested timbers; if the insects are not 
observed swarming, large numbers of the dead winged adults or the 
discarded wings will be found near by. Frass and earth thrown out’ 
of crevices through which the insects emerge are also evidence. In 
efforts to stop further damage by termites in buildings it should be 
- realized that the numbers of these insects may be constantly recruited 
from some undiscovered, outside central. colony. The destruction of 
the winged, colonizing adults at the time of the emergence, while ad- 
visable in preventing the establishment of potential new colonies, is 
of no value in eradicating the insects infesting the woodwork. 

Another indication of infestation is the presence of longitudinal 
earthlike tubes, of small diameter, constructed on foundation timbers 
or other woodwork, or over the surface of stone, brick, or other im- 
penetrable foundation material from the ground to the woodwork. 
Drenching the ground—where these tubes originate—with kerosene 
oil will afford relief. A prompt examination of the foundation tim- 
bers, such as beams and joists in contact with the ground, should be 
made to determine the approximate point of entrance of the insects 
and the extent of the damage already accomplished. It may be nec- 
essary to tear up the flooring and other woodwork to accomplish this. 
The foundation timbers and interior woodwork found damaged 
should be removed and burned and the ground where they were set 
drenched with kerosene oil. 


‘\ 
ROCK FOUNDATIONS AND WOOD PRESERVATIVES. 


The main point is to prevent the insects from gaining access to the 
woodwork from colonies in the ground, either by means of substitut- 
ing rock or concrete foundations and concrete or tile flooring in the 
basement or by protecting the foundation timbers in contact with 
the ground by impregnation of the wood with coal-tar creosote. 

It is very rarely possible to find and destroy the external colony, 
and it may be necessary to replace the foundation of the buildings 
with walls and floorings of stone, concrete, or other form of rock 
composition, and this is the most permanent and complete preventive. 
In the case of the National Museum buildings, the Carnegie Insti- 
tution of Washington, and several private edifices in Washington, 
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Fic. 1.—Oak floor honeycombed by Leucotermes flavipes. Washington, D. C., July, 1915. 
Photograph by C. H. Popenoe. (Original.) 
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Fic. 2.—Pine subfloor underneath the oak floor shown in figure 1. 
Photograph by C. H. Popenoe. (Original.) 
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D. C., this course was finally adopted, with the result that white 
ants were completely excluded and their work terminated (Marlatt). 


i This measure was also necessary in the case of the buildings of the 
State Agricultural College at Manhattan, Kans., where wooden 
: partitions, floors, and other woodwork were torn out and cement 


. 
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floors and walls substituted. 

If the foundation of the building is such that damage to the wood- 
work is extensive and likely to recur, and it is impracticable to 
replace with concrete or stone, it is advisable to replace the exposed 
interior woodwork with wood impregnated by a 6 per cent solu- 
tion of zinc chlorid or a 1 per cent solution of bichlorid of mercury ; 

except in case of flooring in contact with the ground or in wet situa- 
tions, where such preservatives would leach out. 


wherever possible, replace woodwork, and woodwork should be im- 
pregnated with bichlorid of mercury. Wood impregnated with this 
preservative can be painted after treatment. 

In some cases thorough and repeated drenching of infested tim- 
bers, where accessible, with kerosene oil may afford temporary relief 
and kill some of the white ants. IXerosene oil should be poured into 
the crevices through which the winged insects emerge from infested 
wood. As the insects may have entered the house through soil chan- 
nels by means of pillars or the supports of porchings and steps, these 
last should be removed if damaged and the ground soaked with 
kerosene. 

, OTHER TIMBER IN CONTACT WITH THE GROUND. 


: In case of greenhouses iron frames and concrete work should, 


Poles,1 mine props,’ railroad ties, posts, construction timber, and 
other wood in contact with the ground should, since these insects attack 
all classes of wood to which they can attain access from the ground, 
be treated with chemical preservatives to render them more resistant 
to termite attack. Superficial methods, temporarily prolonging the 
length of service of timber, include brush and dipping methods of 


treatment. From experiments it has been determined that for timber 


in contact with the ground brush and dipping treatments with coal- 
tar creosote will render southern yellow pine resistant for at least 
- two to three years in the Southern States and effective for from three 
to four years and longer. Under the closed-cylinder pressure process 
(“full cell” treatment). of impregnation of southern yellow-pine 
timber with coal-tar creosote, at least 16 years’ service is attained in 
1 Snyder, T. E. Insects Injurious to Forests and Forest Products. U. S. Dept. Agr. 
Bur. Ent. Bul. 94, pts. 1-2, 85 p., 16 pl., 14 fig., 1910-1915. Damage to Telephone and 


Telegraph Poles by Wood-boring Insects. U. 8S. Dept. Agr. Bur. Ent. Cire. 134, 6 p., 
= f¢., Mar. 7, 1911. 


*Snyder, T: E. Insect Damage to Mine Props and Methods of Preventing the Injury. 
U.S. Dept. Agr. Bur. Ent. Cire. 156, 4 p., July.13, 1912. 
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the Southern States? (Pl. XIV, fig. 1). After many years’ service 
there may be a deterioration in the treated wood. Other chemical pre- 
servatives are in use, but coal-tar creosote is usually the most effective 
preventive since it is also a fungicide and will not leach out in wet 
situations. For permanent timbers to be used in coal mines a pres- 
sure process with zinc chlorid has been found more suitable, eeecmel 
ing to tests conducted by the Forest Service. 


CABINET WOODS. 


Impregnation of cabinet woods, furniture, etc., with chlorinated 
naphthalene? is effective in rendering wood more resistant to termite 
attack; treated, perishable, northern cabinet hardwoods comparing 
favorably with untreated teak and mahogany after two and one- 
half years’ test. 


WOOD-PULP PRODUCTS. 


Treatments have been tested for wood-pulp products, such as 
the various wood-fiber, “ processed,” or “composition” boards used 
for interior finish and as substitutes for lath, etc., when they are to 
be used in the Tropics and portions of the southern United States to 
prevent attack by white ants. It has been found that the practical 
method is to add various poisons during the manufacture of these 
boards. 

Experiments with such poisons and insecticides as white arsenic, 
bichlorid of mercury, zine chlorid, copper sulphate, sodium fluorid, 
phenol, and dihydrogen potassium arsenate (IKKH,AsO,) have been 
conducted by manufacturers upon the recommendation of the Bureau 
of Entomology. It has been determined that where insoluble chem- 
icals were added in the process of manufacture of the board there 
was so low a retention that the cost rendered the treatment commer- 
cially impossible. Also in the manufacture of the board a large 
amount of water is employed which it is not practicable to save, and 
consequently a large amount of chemical, whether soluble or insoluble, 
is carried away. As yet the results of these tests do not warrant the 
drawing of definite conclusions. 

Dihydrogen potassium arsenate is a powerful insecticide,’ is soluble 
in cold water, and should prove as effective as the insoluble white 
arsenic. Sodium fluorid has been- been proved, by experiments of 
A. L. Quaintance, an effective insecticide and is also being tested as 


1JIn the Tropics and along the Gulf coast of the United States, where seasonal checking 
of timber is liable to occur after treatment and setting, a penetration sufficient to 
prevent white ants from infesting the timber through these checks should be secured. 
A more uniform penetration with a practical minimum to allow for checking, and 
a heavier impregnation (at least 15 pounds per cubic foot) are necessary. The depth 
of penetration can be determined roughly by the thickness of the sapwood. 

2 Process devised by the Western Plectric Co., of New York. 

2 Information on this insecticide was obtained from the Branch of Southern Field Crop 
Insect Investigations from the experiments of B. R. Coad. 
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a treatment to render timber more resistant to attack by insects. 
Wood soaked in a 2 per cent solution is under test. 


STORED MATERIAL, 


Injury to books, paper, documents, and other stored material or 
products is usually indirect, the insects as a rule burrowing through 
such material only where it is in contact with infested wood. Hence, 


since the source of infestation is decaying wood, if the insects can 


be kept out of wooden structures this damage can be prevented. 
When once the source (white ants coming up through the earth where 
there is moisture) is shut off, the insects infesting stored material 
soon die out or can be killed by spreading out infested books, docu- 
ments, and other stored material or products to dry in the sun or in 
an oven. Later they can be restored to the repaired building or a 
safer place. Most damage of this sort can be prevented by the sub- 


stitution of concrete foundations to buildings or by using timber 


impregnated with coal-tar creosote. 
FUMIGATION. 


Where the injury is confined to books and papers, other stored 
material, or exposed woodwork and furniture, hydrocyanic-acid gas 
fumigation can be attempted, exposing if possible also, by opening 
up floors, the infested joists beneath and spreading out the books 


and opening cases and wardrobes. As hydrocyanic-acid gas is poison- 
ous and dangerous, fumigation should be attempted only by those 
- with experience.* 


LIVING TREES. 


Owing to the subterranean habit of termites, it is extremely diffi- 
cult to prevent or remedy injury to living forest, fruit, or shade 
trees. Care should be taken that the trees do not become scarred near 
the base, in order to prevent heart rot and subsequent infestation. 


Proper clean forest, orchard, and horticultural management is to be 


recommended. Properly executed tree surgery’ sometimes may be 
effective in repairing damage to valuable old trees. Dead and dying 


infested trees should be removed and burned. Prunings should not 
be left lying on the ground, but should be burned. 


NURSERY STOCK, FIELD CROPS, AND VINEYARDS. 


Injury to nursery stock will be most serious on recently cleared 
land where there is abundant decaying wood. Such débris, in which 
the insects breed, should be removed. In general, the use of recently 


+ For a description of the use of hydrocyanic-acid gas see Howard, L. O., and Popenoe, 
C. H., Hydrocyanic-acid Gas Against Household Insects, U. S. Dept. Agr., Farmers’ 
Bul. 699. 

*Collins, J. F. Practical Tree Surgery. In U. S. Dept. Agr. Yearbook for 1913, p. 


163-190, pl. 16-22, 1913. 
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cleared land should be avoided in planting nursery stock. In case of 
nursery stock, Herrick recommends the growing of two or three 
cereal crops on newly cleared land before setting out pecan stock, 
and suggests experiments with commercial fertilizers. Experiments 
with commercial fertilizers and chemical compounds to determine 
whether they will serve as preventives are to be conducted by the 
Bureau of Entomology. 

Sometimes injury by termites to corn in Kansas, according to 
Marlatt, is due to the method of plowing under old stubble, in 
which the insects breed. This practice should be discontinued if 
there is serious damage by white ants. Allowing the land to lie 
fallow for one year before planting should be of value; the same can 
be said of deep fall plowing. The practice of better farming meth- 
ods, with rotation of crops, will prevent damage to field crops. 

In case of vineyards care should be taken in pruning operations 
to reduce the surfaces cicatrized; all dead or diseased vines should 
be removed. Cuts should be painted over with coal tar. The various 
mastics employed in grafting may prove to be effective preventives. 
Prunings should not be left lying on the ground, but should be 
burned. ) 

FLOWERS AND GREENHOUSE STOCK. 


In ease of flower or truck gardens, especially where near the wood- 
work of buildings, less animal manure should be used, in order to 
protect not only the building but also the plants. 

In greenhouses the removal of decayed infested wood will prevent 
the plants from becoming infested in turn. Iron frames and con- 
crete work should wherever possible replace woodwork, and wood- 
work should be impregnated with bichlorid of mercury. Wood im- 
pregnated with this preservative can be painted after treatment. 
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SPECIAL REQUIREMENTS. 


Success in blueberry culture rests especially on the recognition of 
two peculiarities in the nutrition of these plants: (1) Their require- 
ment of an acid soil; (2) their possession of a root fungus that appears 
to have the beneficial function of supplying them with nitrogen.” 

If blueberries are planted in a soil with an alkaline or neutral 
reaction, such as the ordinary rich garden or fertile field, it is useless 
to expect their successful growth. In such a situation they become 
feeble and finally die. Blueberries require an acid soil, and they 
thrive best in that particular type of acid soil which consists of a 
mixture of sand and peat. (See Pl. 1.) 

Good aeration of the soil is another essential. It is commonly but 
erroneously supposed that the swamp blueberry (Vaccinium corym- 
bosunv), the species chiefly desirable for cultivation, grows best in a 
permanently wet soil. It is to be observed, however, that the wild 
plants of the swamps occupy situations which, though perhaps sub- 
merged in winter and spring, are exposed to the air during the root- 


1 Revised by the author from the original paper of 1913, entitled ‘‘ Directions for Blue- 
berry Culture,” which was published, without illustrations, as pages 3 to 11 of Circular 
122, Bureau of Plant Industry, and was also separately printed. 

2 For a full discussion of the principles of blueberry culture, including the soil require- 
ments and peculiarities of nutrition of the blueberry plant and the details of the growing 
of seedlings, consult ‘‘ Experiments in Blueberry Culture,” Bulletin 193, Bureau of Plant 
Industry, 1910, or the corrected reprint of 1911. Although the edition of this bulletin 
was long since exhausted at the Department of Agriculture, copies may be obtained from 
the Superintendent of Documents, Government Printing Office, for 25 cents each. 
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forming period of summer and autumn or, when growing in perma- 
nently submerged places, they build up a hummock or a cushion of 
moss which rises above the summer water level and within which the 
feeding roots of the bush are closely interlaced. In actual culture, 
moreover, it has been found that the swamp blueberry does not thrive 
in a permanently wet or soggy soil. 

Although some species of Vaccinium, such as the common low- 
bush blueberry of the northeastern United States, V. angustifoliwm 
(called V. pennsylvanicum by some authors), grow and fruit abun- 
dantly in sandy uplands that are subject to drought, the swamp blue- 
berry grows best in soils naturally or artificially supplied with 
adequate moisture. 

These, then, are the three fundamental requirements of successful 
blueberry culture: (1) An acid soil, especially one composed of peat 
and sand; (2) good drainage and thorough aeration of the surface 
soil; and (3) permanent but moderate soil moisture. Under such 
conditions the beneficial root fungus which is believed to be essential 
to the nutrition of the plant need give the cultivator no concern, for — 
‘even if the necessary fungus were wholly lacking in the soil of the 
new plantation each healthy bush set out in it would bring its own 
~ supply of soil-inoculation material. 

Next in importance to soil conditions 1s a convenient location with 
reference to a good market. The berries should reach their destina- 
tion without delay, preferably early in the morning following the 
day of picking. To secure the best prices they should also reach the 
market about the beginning of the main wild-blueberry season. A 
situation to the south of the great areas of wild blueberries in north- 
ern New England, Canada, and northern Michigan is therefore de- 
sirable. One of the most promising districts for blueberry culture 
is the cranberry region of New Jersey, for there an ideal soil occurs 
in conjunction with an early maturing season and excellent shipping 
facilities to the markets of Philadelphia, New York, and Boston. 

Situations liable to late spring freezes, such as the bottoms of 
valleys, should be avoided, for while the blueberry plant itself is 
seldom injured by freezing, its crop of fruit is often destroyed in 
this way. 

In seasons in which the wild crop of upland blueberries has been 
destroyed by late spring freezes, it has been observed that in or 
around bodies of water, such as cranberry reservoirs or cranberry 
bogs temporarily flooded to prevent frost or insect injury, the wild 
bushes often produce normal crops of blueberries. It may be found 
that provisions for flooding blueberry plantations will save a crop 
often enough to warrant the installation of flooding equipment. In 
locating a blueberry plantation, therefore, it would be well to choose 
a situation that could be flooded, if flooding proved later to be com- 
mercially advantageous. 
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IMPORTANCE OF SUPERIOR VARIETIES. 


In the southern United States and in the Middle West blueberries 
are not ordinarily distinguished from huckleberries, but in New 
England the distinction is very clearly drawn. The name huckle- 

_ berry is there restricted to plants of the genus Gaylussacia, the 
berries of which contain 10 large seeds with bony coverings like 
minute peach pits, which crackle between the teeth. The name blue- 
berry is applied in New England to the various species of the genus 
Vaccinium, in which the seeds, though numerous, are so small that 
they are not noticeable when the berries are eaten. It is probable 
that the comparatively low estimation in which this fruit is held 
in the South is largely due to the lack of a distinctive popular name 
and the consequent confusion of the delicious small-seeded southern 
Vacciniums with the coarse large-seeded Gaylussacias. It is the 
culture of the small-seeded blueberries only, as distinguished from 
the large-seeded huckleberries, that is here advocated. 

From the market standpoint, the features of superiority in a blue- 
berry are sweetness and excellence of flavor; large size; light-blue 
color, due to the presence of a dense bloom over the dark-purple or 
almost black skin; “dryness,” or freedom from superficial moisture, 
especially the fermenting juice of broken berries; and plumpness, 
that is, freedom from the withered or wrinkled appearance that the 
berries begin to acquire several days after picking. Large berries 
cost less to pick than small ones and bring a higher price. A berry 
eleven-sixteenths of an inch in diameter has already been produced 
under field culture, and others of still larger size are to be expected. 

Although blueberry plantations may be formed by the transplant- 
ing of unselected wild bushes or by the growing of chance seedlings, 
neither of these courses is advocated, because neither would result in 
the production of fruit of an especially superior quality. Seedling 
plants, even from the largest berried wild parents, produce small 
berries as often as large ones. Until nurserymen are prepared to 
furnish plants asexually propagated from superior stocks, the culti- 
vator should begin by the transplanting of the best wild bushes, 
selected when in fruit for the size, color, flavor, and earliness of the 
berry and the vigor and productiveness of the bush. These he should 
propagate by layering and by cuttings until his plantation is com- 
pleted. Through a combination of these methods, a valuable old 
plant can be multiplied by several hundred at one propagation, the 
fruit of the progeny retaining all the characteristics of the parent. 

PROPAGATION. 

While grafting and especially budding are useful in experimental 
work, neither method is suitable for commercial plantations, because 
blueberry bushes are continually sending up new and undesirable 
shoots from the stock. The best season for budding for experimental 
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purposes is from the middle of July to the end of August. The ordi- 
nary method of shield budding, with dry and unwaxed raffia wrap- 
ping, has proved the most successful of all the methods tried. The 
best wood on which to bud is the lower portion of vigorous basal 
shoots, of the season, especially those from plants that were cut to 
the stump in the preceding winter. On such shoots the bark can 
be lifted with ease much later in the season than on older stems. 
Special care must be taken that the raffia wrapping does not become 
wet and fermentation ensue between the raw surfaces of bud and 
stock, in the first three weeks. By that time, in normal cases, the 
bud wood has united with the stock, and if the budded stem has in- 
creased in diameter sufficiently to cause pronounced choking by the 
raffia the wrapping should be removed. If choking does not occur 
the wrapping may be allowed to remain until spring, when the stem 
is cut off above the still dormant bud. In greenhouse experiments, 
a growth of over 8 feet has been secured from an inserted bud in its 
first growing season, all other growth from the stock having been 
promptly rubbed off as soon as it started. 


STUMPING. 


_ The easiest way to propagate the swamp blueberry is by a special 
_ process of layering named “stumping.” The directions areas follows: 


1. In late fall, winter, or spring, preferably in early spring before the buds 
have begun to push, cut off at the surface of the ground either the whole of 
the plant or as many of the stems as it is desired to devote to this method of 
propagation. The stems that are cut off are discarded, or they may be used 
for cuttings, as described under “‘ Tubering ” or “ Winter cuttings.” . 

2. Cover the stumps to the depth of 2 to 8 inches with a mixture of clean 
sand and sifted peat, 2 to 4 parts of sand to 1 of peat, by bulk. A rough box or 
frame may be built on the ground to keep the sand bed in place. 

3. Care must be taken that the sand bed be not allowed to become dry 
except at the surface during the summer. 

4. The new growth from the stumps, which without the sand would consist 
of stems merely, is transformed in working its way through the sand bed into 
scaly, erect, or nearly erect rootstocks which, on reaching the surface of the 
sand, continue their development into leafy shoots. (See Pl. II.) Although 
roots are formed only sparingly on the covered bases of stems, they develop 
abundantly during spring and early summer on these artificially produced 
rootstocks, and by the end of autumn all the shoots should be well rooted at 
the base. They should remain in place in the sand bed till late winter or 
early spring, undisturbed and exposed to outdoor freezing temperatures;. but 
the sand should be mulched with leaves, preferably those of red oaks. 

5. Harly in the following spring, before the buds have begun to push, open 
the bed and sever each rooted shoot carefully from the stump. Discard the 
upper portion of the shoot, making the cut at such a point as to leave on the 
basal portion about three buds above the former level of the sand bed. If the 
eut at the basal end of the rooted shoot is not smooth or the wood is cracked, 
recut the surface with a sharp thin-bladed knife. The discarded upper por- 
tion of the shoot may be used for winter cuttings, as described on pages 8 to 11. 

6. Set the rooted shoots in a coldframe or a cool greenhouse in clean earthen- 
ware pots of suitable size, ordinarily 3-inch pots, in a soil mixture consisting of 
two parts, by bulk, of rotted upland peat and one part of sand. : 
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7. Cover the frame with muslin or other white shade suspended above the 
glass, giving the plants plenty of light but no direct sunlight, and for the 
first two or three months keep the temperature at not to exceed 65° F. if 
practicable. When subjected to high temperatures the newly cut shoots are 
liable to die and rot from the base upward. The outer surface of the pots 
should never be allowed to become dry. The desired condition may be assured 
by bedding, or “ plunging,” the pots in moist sand up to the rim. 

8. Watering should be as infrequent as practicable, only sufficient to keep 
the soil moist but well aerated. 

9. The frame should receive ventilation, but not enough to cause the new 
twigs to droop. These are most susceptible to overventilation and to over- 
heating when they have nearly completed their growth. (See Pl. I[1I.) 

10. After the new twigs have stopped growing and their wood becomes hard 
new root growth takes place. Then secondary twig growth follows, either from 
the apex of the new twigs or from another bud lower down on the old wood 
of the original rooted shoot.. Until this secondary twig growth takes place the 
life of the plant is not assured. 

11. Those plants that make sufficient growth to require repotting during the 
first summer should be set in clean pots of 2 inches larger diameter in a 
standard blueberry-soil mixture. 


SOIL MIXTURE FOR BLUEBERRIES. 


A very successful potting mixture or nursery-bed mixture for 
blueberry plants consists of one part of clean or washed sand, nine 
parts of rotted upland peat, either chopped or rubbed through a 
sieve, and three parts of clean, broken crocks, that is, pieces of ordi- 
nary unglazed, porous, earthenware flower pots. No loam, and espe- 
cially no lime, should be used. Manure is not necessary, and in the 
present state of our knowledge may be regarded as dangerous, 
although in small quantities it serves to stimulate the plants, at least 
temporarily. The danger from manure apparently lies in its tend- 
ency to injure the beneficial root fungus of the blueberry plant. 

The use of broken crocks in the potting mixture is based on the 
fact that the rootlets seek them and form around them the same kind 
of mats that they form at the wall of the pot, thus increasing the 
effective root surface and the vigor of growth. If crocks are not 
available, the soil mixture should consist of 2 to 4 parts of peat to 
1 part of sand. 

The peat most successfully used for potting blueberry plants is an 
upland peat procured in kalmia, or laurel, thickets. In a sandy soil 
in which the leaves of these bushes and of the oak trees with which 
they usually grow have accumulated and rotted for many years. 
untouched by fire, a mass of rich leaf peat is formed, interlaced by 
the superficial rootlets of the oak and laurel into tough mats or turfs, 
commonly 2 to 4 inches in thickness. These turfs, ripped from the 
ground and rotted from two to six months in a moist but well-aerated 
stack, make an ideal blueberry peat. A good substitute is found in 
similar turfs formed in sandy oak woods having an underbrush of 
ericaceous plants other than laurel. The turfs of low-bush blue- 
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berries serve the same purpose admirably. Oak leaves raked, stacked, 
and rotted for about 18 months without lime or manure are also good. 
The leaves of some trees, such as maples, rot so rapidly that within a 
year they may have passed from the acid condition necessary for the 
formation of good peat to the alkaline stage of decomposition, which 
is fatal to blueberry plants. Even oak leaves rotted for several 
years become alkaline if they are protected from the addition of new 
leaves bearing fresh charges of acidity.t_ The much decomposed peat 
in the submerged lower layers of deep bogs, such as is used for fuel 
in Europe, is not suitable for blueberry-soil mixtures. 


TUBERING. 


By ordinary methods, cuttings of the swamp blueberry have been 
rooted only in occasional instances. Successful special methods, how- 
ever, have now been devised for these plants. Wild stocks of the 
swamp blueberry vary greatly in their response to propagation by a 
particular method, and it is likely to prove true that one variety of 
cultivated blueberry can best be propagated by one of the methods 
here described, others by another. The most novel of the methods 
devised, but the one easiest of operation, is that of tubering. This 
-method involves the same principle as that employed in stumping, 
namely, the forcing of new shoots in such a manner that their basal 
portions are morphologically scaly rootstocks, with a strong rooting 
tendency. The directions for tubering as applied to the swamp blue- 
berry are as follows: ; 


1. Make stem cuttings from outdoor plants between midwinter and early 
spring, before the buds have begun to make their spring growth, and preferably 
on a warm day when the twigs are not frozen. A still better plan is to make © 
the cuttings in autumn after the leaves Nave fallen, and store them for about 
two months in moist sphagnum moss on ice at a temperature just above freezing. 

2. The cuttings are to be made from vigorous plants grown in well-lighted 
situations and with stems therefore well stored with starch. Use unbranched 
portions of the old and hardened branches and stems, about a quarter of an 
inch to an inch, or even more, in diameter. From 3 to 4 inches is a suitable 
and convenient length. Make the cuts with pruning shears or a fine-toothed 
saw and remove the bruised wood at the cut ends with a sharp knife. Be 
careful not to injure the bark or split or strain the wood. 

3. Lay the cuttings horizontally in a shallow box or other cutting bed of pure 
clean sand and cover them to the depth of about half an inch. Moisten the 
sand well with rain water, bog water, or other pure water (free from lime) 
from a sprinkling pot, and see that the sand is closely and firmly packed about 
the cuttings. Cover the box or cutting bed with a pane or panes of glass, the 
top of the box being flat, so that the glass fits it rather snugly. The box should be 
so prepared that any surplus water in the sand will drain away beneath through 
holes in the bottom covered with clean broken crocks and sphagnum moss. 


iFfor a fuller discussion of the conditions under which leaves decompose into leaf peat 
as distinguished from leaf mold, and the fundamentally different effect of the two on the 
growth of plants, consult ‘‘ The Formation of Leafmold,’’ Smithsonian Report for 1913, 
pp. 333 to 343 (also separately printed). 
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4. Keep the box at a temperature of 55° to 65° F., or as near those limits 
as practicable. A temperature of 70° or over is likely to ruin the cuttings. 

5. In order to avoid excessive temperatures, do not allow direct sunlight 
upon the glass, either keeping the box by north light or keeping it shaded, as 
by a white cloth or paper cover suspended several inches above the glass, or 
in a shaded greenhouse. 

6. Keep the air inside the box saturated with moisture. This corfdition will 
be evidenced by the condensation of the moisture on the under side of the glass 
during the cooler part of the day or whenever a cold wind blows against the 
glass. 

7. Watering should be as infrequent as practicable, only sufficient to keep 
the sand moist but well aerated and the atmosphere in the box saturated. If 
the glass fits tightly, a second watering may not be needed for several weeks. 

8. Within a few weeks new growth will begin to appear above the sand. 
(See Pl. IV, fig. 1.) When the shoots have reached a length proportionate to 
their vigor, commonly 1 to 3 inches, their further growth is self-terminated by 
the death of the tip. After the leaves have reached their full size and acquired 
the dark-green color of maturity the time has come for the development of 
roots. 

9. When the first shoot has reached this rooting stage a half-inch layer of 
finely sifted rotted peat, 2 parts, and clean sand, 1 part, should be placed on 
the surface of the cutting bed and moistened well with water. A time-saving 
and perhaps desirable modification of this treatment is to use this mixture of 
peat and sand as the original covering of the cuttings, described in paragraph 3. 

10. The new growth, which if it had originated above the sand would be like 
an ordinary shoot, was transformed in working its way through the sand and 
became a sealy, erect rootstock, which on reaching the surface of the sand con- 
tinued its development into a leafy shoot. During the spring and early summer, 
roots form in abundance on the lower or rootstock portion of these shoots. 
(See Pl. IV, fig. 2.) | 

11. After a shoot is well rooted it commonly, though not invariably, makes 
secondary twig growth the same season, usually from a bud in the axil of the 
uppermost leaf. If the rooting of the shoot has not already been ascertained 
by direct examination, the making of such secondary growth is good evidence 
that rooting has actually taken place. 

12. When a shoot is well rooted, with roots 1 to 2 inches in length, it is ready 
to be potted. (See Pl. V.) If the shoot has not already disconnected itself 
from the dead cutting, it should be carefully severed with a sharp knife. In 
the process of tubering,, the behavior of the cuttings is essentially identical with 
that of real tubers, like those of the potato. The original cutting dies, but the 
sprouts that arose from it root at the base and form independent plants. 

138. The rooted shoots should be potted in clean 2-inch earthenware pots in 
the standard blueberry-soil mixture already described. (See Pl. VI.) 

14. The pots should be bedded in moist sand up to the rim in a glass-covered 
frame or box, well lighted but protected from direct ‘sunlight, and slightly 
ventilated but with a saturated or nearly saturated atmosphere. 

15. In order to secure rapid growth, the rooted plants should be gradually 
accustomed to a well-ventilated atmosphere and then to half sunlight, this 
adjustment extending over a period of about three to four weeks. 

16. If preferred, the rooted shoots may remain in the original cutting bed 
until the following spring, the cutting bed being exposed during the winter to 
freezing temperatures, but mulched with oak leaves, and the plants may then 
be transferred, with their whole root mat intact, to a peat and sand nursery bed 
at a spacing of about a foot each way. 
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Where propagating is to be done on a sufficiently large scale, out- 
door coldframes may be used instead of cutting boxes. Miss Eliza- 
beth C. White, of New Lisbon, N. J., who has brought together the 
best existing collection of selected wild-blueberry stocks, has been 
propag gating them with much success in muslin-shaded coldframes 
by the method of tubering, and she has much simplified the handling 
of the cuttings, both cans and after rooting. The cuttings are made 
in the late fall, packed in boxes in loose, moist, clean sphagnum moss, 
and stored during the winter in a cool cranberry house at a tempera- 
ture of about 40° F. As soon as the frost is out of the ground beds ° 
of clean sand are laid down in the coldframes and the cuttings are 
pressed into the sand until the upper side is level with the surface. 
The whole is then covered with an inch layer of sifted peat (about 
2 parts) and sand (1 part). The frames are completely shaded by 
muslin on a framework about 7 feet above the ground (Pl. VII), and 
ventilation is not begun until most of the shoots are rooted, about 
midsummer. The shades and sash are removed in early October, 
and in late autumn, after most of their leaves have fallen, the rooted 
plants are taken out of the frames, so that these can be made ready 
for a new lot of cuttings very early the next spring. The stronger of 
the rooted plants taken out of the frames are set at once in their 
permanent places in the field plantation. Those less strongly rooted 
are placed in nursery beds at a spacing of about 10 inches each way, 
where they remain during the winter and the following growing 
season. 

WINTER CUTTINGS. 

The rooting of leafy cuttings of the blueberry in summer is very 
difficult, because in a temperature above 70° F. the cuttings blacken 
and die. With the aid of a shaded greenhouse, winter cuttings can 
be started early enough to make roots before warm weather comes 
on. Similar results can be secured in coldframes so located, shel- 

tered, and manipulated as to prolong their low compe sine as late 
as possible into the season. 

The essentials of a successful coldframe for blueberry propaga- 
tion are: (1) That it be located on the cool, shaded, north side 
of a building or in some other situation where it will not receive 
reflected heat from neighboring structures. (2) The frame must re- 
ceive an abundance of light but no direct sunlight, a condition best 
secured in the case of isolated frames by the use of clean white 
muslin shades. Frames on the north side of a building will also 
require shade in early morning and late afternoon from March to 
September. On sunless days all shades should be removed, so that 
the cuttings will receive as much light as possible. (3) There should 
be ample space for the circulation of cool air between the frames 
and the shade. A sliade at the height of about 7 feet from the 
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ground not only allows such circulation but makes it easy to work 
among the frames. (4) The frames should be kept closed until 
the cuttings are rooted. This closing not only keeps the air satu- 
rated with moisture and prevents the drying of the cuttings, but it 
also tends to maintain a cool ground temperature within the frame. 

When frames are thus located, constructed, and managed, the max- 
imum temperature on sunny days within the frames is often 10 de- 
grees lower than the shade temperature outside, and the period of 
safety for cuttings that are not yet rooted is greatly prolonged. Low 
temperatures can be maintained in such coldframes much later in 
the season than in a greenhouse of the ordinary construction, even 
though the greenhouse is well shaded and well ventilated. 

The use of a greenhouse in which to start the cuttings, followed by 
the transfer of the cutting boxes to coldframes at the beginning of 
warm weather, permits an even more prolonged protection of the 
cuttings than can be secured in either greenhouse or coldframe alone 
and increases the percentage of rooted plants. 

The directions for rooting winter cuttings of the blueberry by the 
use of a coldframe are as follows: 


1. Make the cuttings in late winter before the buds have begun to swell. If 
more convenient, they may be made in late autumn, after the leaves have fallen, 
laid rather loosely in clean moist sphagnum in a covered but ventilated box or 
other package, and stored until early spring on ice at a temperature just above 
freezing or in commercial cold storage at a temperature of about 35° F., if such 
storage is available. 

2. Make the cuttings from wood of the preceding summer’s growth, rejecting 
“such portions as bear the large fat flowering buds. The cuttings are to be 
made from well-matured unbranched twigs or shoots grown in well-lighted 
situations, and therefore well stored with starch. Excellent wood for cuttings 
is afforded by the long stout shoots that grow the first summer from a blueberry 
plant that has-been pruned to the stump. In the swamp blueberry these have 
few or no flowering buds and often are 38 to 5 feet in height and a quarter of an 
inch or more in diameter at the base. 

3. About 4 to 5 inches is a suitable length for finished cuttings. A sharp 
thin-bladed knife should be used. In the finished cutting the upper end of the 
diagonal cut at the base of the cutting should come just below a sound bud, 
and the cut at the upper end of the cutting should be about an eighth of an 
inch above a sound bud. If the cuts are first made with pruning shears, remove 
with the knife the bruised wood at the cut ends. The diagonal knife cuts 
should be as short as is practicable without bruising the bark or splitting or 
straining the wood. Cuttings that have been kept in ‘cold storage should be 
recut at both ends, so as to present clean surfaces that show no discoloration. 
In order to avoid infection of the cuttings, the knife must be kept clean. This 
may be done conveniently by dipping the blade in alcohol and wiping it on a 
clean towel. The cuttings must not be allowed to become dry. This is easily 
prevented by laying them in the fold of a clean moist towel. 

4. The coldframe may be of the usual form, the top about 1 foot above the 
surface of the cutting bed at the front and 2 feet at the back, and tightly 
constructed of material not less than an inch in thickness, with closely fitting 
sash of the ordinary kind. The cutting bed, 4 inches in depth, should be laid 
down over a groundwork of gravel or other material that will provide good 
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drainage. On this groundwork place about 1 inch of clean chopped sphagnum 
moss and over the moss about 3 inches of pure clean sand. Moisten the sand 
with clean rain water or other pure water (free from lime) from a sprinkling 
pot. 

5. After making deep slits at suitable intervals in the sand with some clean 
implement, set the cuttings in the slits at a spacing of about 2 to 3 inches each 
way according to, size, the base of the cutting being in the sand a little above 
the sphagnum, and see that the sand is so closely and firmly packed about the 
base of the cutting that the cut surface is in contact with the sand, but be 
eareful not to injure the delicate raw tissue at the base of the cutting by push- 
ing forcibly into the sand. Smooth the surface of the bed by a final watering. 
Cover the frame closely with the sash, so that the air within will be moist. 

6. Do not allow the temperature inside the frame to go above 65° F. Pro- 
longed temperatures above 70° are likely to ruin the cuttings. Do not, on the 
other hand, allow the cutting bed or the cuttings to freeze. 

7. Shade the frame with white muslin at a height of 2 to 7 feet above the 
frame, so as to keep the sunlight off the glass and at the same time to permit 
a sweep of air between the glass and the shade. The shade should be so 
arranged as to be removable on cloudy days or at any time when the frame is 
shaded by other objects. 

8. Keep the air inside the box saturated or nearly saturated with moisture. 
This condition will be shown by the condensation of the moisture on the under 
side of the glass at night or at other cool portions of the day. 

9. Watering should be as infrequent as practicable, only sufficient to keep the 
sand moist but well aerated and the atmosphere in the box saturated. If the 
sash fits tightly, the period between necessary waterings may extend over 
several weeks. 

10. After the cuttings have callused at the base, the new twigs have pushed 
from the upper buds (Pl. VIII) and their growth has been terminated by the 
browning of the tips, and the new leaves have reached their full size and 
acquired the dark-green color of maturity, when the formation of roots is about 
to begin, the surface of the bed is to be mulched with about haif an inch of a 
mixture of sifted peat, 2 parts, and clean sand, 1 part, carefully watered after 
application, so that some of the acid water from the peat will be carried down 
into the sand bed about the base of the cuttings. (See Pl. IX, fig. 1.) 

11. When all or most of the cuttings in the frame have begun to root, ventila- 
tion of the frame should be begun. ‘The best superficial evidence that a cutting 
has rooted is the development of secondary twig growth, either from the apex 
of one of the first set of new twigs or from another bud lower down on the old 
wood of the cutting. (See Pl. IX, fig. 2, and Pl. X.) If secondary growth 
does not take place, the development of a plump but dormant bud at the apex 
of one of the leafy twigs is also good evidence that the cutting has begun to 
root. Cuttings that are healthy but not yet rooted at the time ventilation 
begins usually die from excessive transpiration. 

12. Ventilation should be only slight at first and should be fogeraed very 
gradually, the transition to full ventilation extending over a period of several 
weeks. If any of the sensitive secondary growth begins to wilt, reduce the 
ventilation immediately until the wilting ceases. Be especially careful not to 
give too much ventilation on windy days. 

18. All cuttings that are dying should be removed from the bed at once. 
Those injured by too high temperature usually turn brown at the base first, the 
dead area progressing upward until the new growth collapses. Those otherwise 
sound but suffering from excessive ventilation before they are rooted usually 
indicate their bad condition by the marginal yellowing of their leaves before 
they drop and the stems become withered. 
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14, The plants are best left in the open coldframe all winter, mulched with 
leaves, preferably oak leaves, and in the early spring, before the buds have 
begun to push, they should be very carefully lifted and moved, with the whole 
root mat and adhering soil intact, to a peat and sand nursery bed at a spacing 
of about a foot each way. 


ROOT CUTTINGS. 


The early experiments with root cuttings gave such a small per- 
centage of rooted plants that further experiments in the greenhouse 
were abandoned. At Whitesbog, N. J., however, in order that the 
roots as well as the tops of selected wild plants might be utilized, 
cuttings of the roots were made about 3 to 4 inches long and of all 
sizes down to a little less than an eighth of an inch in diameter. 
These were given the same treatment as tubered cuttings in cold- 
frames. A high percentage of rooted plants resulted. (See Pl. XI.) 
This may prove to be one of the most satisfactory methods of propa- 
gating plants that have large root systems. 


TREATMENT OF YOUNG PLANTS. 


When blueberry plants, either large or small, are grown in porous 
pots, the surface of the pot should never be allowed to become dry, 
for the rootlets which grow through the soil to the wall of the pot 
for air are extremely fine and easily killed by drying, to the great 
injury of the plant. This danger may be eliminated by bedding the 
pots to the rim in a well-drained bed of sand or by setting the pot 
in another pot of 2 to 4 inches greater diameter, with a packing of 
moist sphagnum moss between and broken crocks at the bottom. (See 
Phx, fig. 1.) 

A istieriinee of the young leaves anid growing tips of twigs is often 
-produced by the hot sun from the middle of June to the middle of 
September. Plants in pots or nursery beds are easily protected from 
such injury and forced to their maximum growth by a half-shade 
covering of slats, the slats and the spaces between being of the same 
width. On cloudy days the shade should be removed. It should not 
be used in the fall or spring. 

During the winter the rooted cuttings, or 1-year-old plants, should 
be kept outdoors, exposed to freezing temperatures, their soil 
mulched with leaves, preferably oak leaves. When kept in a warm 
greenhouse during the winter they make no growth before spring. 
Even then their growth is abnormal, often feeble, or sometimes 
deferred for a whole year. 

FIELD PLANTING. 


Plants from cuttings or rooted shoots are ready for permanent 
field planting when they are 1 or 2 years old and 6 to 18 inches 
high. (See Pl. XII, fig. 2.) 

Tt is a curious fact that these plants send out no new roots in 
spring until they are in full leaf, when their flowering is nearly or 
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quite finished and their principal twig growth has ceased. It is im- 
portant, therefore, in taking up either a wild or a cultivated plant 
from the open ground that as much as possible of the old root mat be 
carefully lifted with the plant, for upon this the plants depend for 
moisture until their new rootlets are formed. 

In the case of mature wild bushes with very large root systems, 
when it is practicable to secure but a fraction of the root mat, say 
a disk only 3 or 4 feet in diameter, it is the best procedure to cut all 
the stems at the time of transplanting to stumps 1 to 2 inches high. 
The bush will then produce a new and symmetrical top of a size suited » 
to the capacity of the roots. The wood that is removed may be used 
for cuttings if the plant is sufficiently valuable. 

The stems that make up a bush usually develop fibrous roots on 
their basal portions beneath the surface of the soil and above the 
root crown, at which the several stems unite. Such plants can be 
divided into several when taken up for transplanting. As many as 
30 plants, each cut to a stump and with its own small but sufficient 
portion of the root mat, have been secured in this way from a large 
wild plant. By utilizing the various methods of propagation de- 
scribed in this publication as many as 600 cuttings of roots, stems, 
and twigs have been made from a single very large wild bush. 

In resetting plants from which the tops have been removed, the 
stumps should be made to project about an inch above the surface of 
the ground. New shoots are formed in spring from such exposed 
stumps much earlier than from stumps covered with soil and not 
receiving the warmth of the sun’s direct rays. If the plant when 
reset is made to occupy a moderate depression in the ground, the old 
stump and the bases of the new stems can afterward be covered with ° 
soil and a new root system will finally develop from the new wood. 

When blueberry plants are set out in early spring, before the buds 
have begun to push, they usually make excellent growth, and for 
all plants that are pruned to the stump early spring is the best season 
for transplanting. 

Conditions with unpruned plants, however, are different. Since 
blueberry plants make no new root growth until late spring, it often 
happens that a period of hot days intervenes between planting and 
rooting, and many plants are injured by an excessive loss of water 
before they have had time to make connection with the water supply 
of the surrounding soil through the development of new roots. The 
danger of such injury is greatest in the case of plants transplanted 
from pots. The old root ball sends up most of its water to the leaves, 
and in consequence, being at first, as a rule, in imperfect capillary 
contact with the new outside soil, the root ball commonly contracts 
slightly. The contraction is often sufficient to put the roots at the 
surface of the root ball permanently out of contact with the sur- 
rounding soil, and the plant may continue to suffer severely from 
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drought, although the soil outside the root ball contains plenty of 
moisture. 

An early autumn field planting has furnished a remarkably suc- 
cessful means of avoiding this trouble with potted plants. At this 
season the excessive heat of summer is over, the plants are in full 
and vigorous leaf, and, being taken from pots, carry their whole root 
system with them. The formation of new roots begins at once and 
proceeds with great activity until the leaves are shed, at the approach 
of winter. In the spring, when new leaf growth begins, the plants 
are already well rooted in the soil. They pass through the early hot 
period without injury and develop remarkable size and vigor by 
autumn. 

In preparing for a field plantation one precaution of special im- 
portance must not be overlooked. For the production of a crop of 
fruit under field conditions, insects are required to carry pollen 
from one flower to another. The honeybee works little on blueberry 
flowers. Her tongue is so short that she can not easily reach the 
nectar. The flowers are pollinated chiefly by bumblebees, whose 
tongues are long, and by some of the solitary wild bees that are 
small enough to crawl through the narrow opening of the corolla. 
When blueberry flowers are pollinated with pollen from their own 
bush the berries are fewer, smaller, and later in maturing than when 
the pollen comes from another bush. Some bushes are almost com- 
pletely sterile to their own pollen. (See Pl. XIII.) The pollen of a 
plant grown from a cutting is likewise unsatisfactory for the polli- 
‘nation of the parent plant or of other plants grown from cuttings 
of it. It is important, therefore, that a plantation should not be 
made up wholly from cuttings from one bush. Two stocks should be 
used, a row of plants from one stock being followed by a row from 
the other. 

In the permanent field plantation the bushes should be set 8 feet 
apart each way. When they reach mature size they will nearly or 
quite cover the intervening spaces. 

When blueberry culture is to be tried in a sandy or gravelly soil 
deficient in peat or peatlike matter, the plants should be set in sepa- 
rate holes or trenches about 12 inches deep in a mixture of two to 
four parts of peat or half-rotted oak leaves to one part of clean sand. 
The excavations should be wide enough to provide ample space for 
new growth of the roots, not less than a foot each way from the old 
root ball. In small plantings, if the materials for the mixture are 
easily available in quantity, an 8-inch bed of it may be laid down 
over the whole surface of the ground, and if a planting is to be tried 
on a soil wholly unsuited to the blueberry, the area may first be cov- 
ered with a 6-inch layer of sand, the bed of peat and sand mixture 
being then laid down on top of the sand layer. Wherever used, the 
peat and sand mixture should be thoroughly manipulated, so as to 
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give it a uniform texture before the plants.are set out in it, for in a 
soil in which layers of peat alternate with layers of sand the capillary 
connection of the two is usually imperfect, and a plant rooted in the 
peat may suffer severely from drought, although the neighboring 
sand still has water to spare. For a similar reason it is important 
that when the plant is first set out, the peat and sand mixture shall 
be very tightly pressed and.packed about all sides of the old root ball. 
_ To secure full vigor of growth the ground between the bushes must 
be kept free from all other vegetation. On rocky uplands or in situ- 
ations deficient in peat a continuous mulch of oak leaves, when it is - 
practicable to secure them, will help toward this end, as well as keep 
the soil in the necessary acid condition. It is more economical, how- 
ever, to choose such a location for the plantation as will permit the 
use of horse-drawn machinery and will make mulching unnecessary. 

The most favorable location for blueberry culture is a moist area 
with a peat covering and sand subsoil, the peat preferably of such a 
thickness that deep plowing will turn up some of the underlying 
sand. 

The land should be so ditched that the water level can be kept at 
least a foot below the surface of the ground during the growing 
season. 

The ground should be plowed to the depth of about 8 inches and 
repeatedly harrowed or otherwise tilled during the season preceding 
the planting, in order to kill the wild vegetation. The best time for 
such plowing is late spring, after the principal vegetation has used 
up its winter store of starch in completing its early growth and be- 
fore the leaves have matured and the roots have begun the new 
storage of starch with which they can send up new sprouts. 

The tillage of the plantation after the young bushes have been set 
out should be sufficiently thorough to keep down all competing vege- 
tation. This is best done by horse cultivation, with careful hand 
hoeing and hand weeding close about the plants. As the bushes grow 
older and their roots extend into the spaces between the rows, they 
develop root mats close beneath the surface of the soil. The tillage 
over these root mats should be very shallow, not more than 2 or 3 
inches. This is probably best accomplished by the use of a small, 
light spring-tooth cultivator with the teeth set closer together than 
usual. 

In case of drought, the drainage ditches may be used to bring in 
water for subirrigation. But unless the surface of the ground is 
very level, subirrigation is likely to result in the injury of plants in 
the lower spots by excess of water. In uneven areas, therefore, sur- 
face irrigation, if accompanied by good drainage, is preferable to 
subirrigation and should be used if practicable. 

Fertilizer experiments have shown that lime is positively inju- 
rious to blueberry plants and that stable manure, while producing a 
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temporary stimulation of vegetative growth, is likely to cause serious 
injury later. For those desiring to experiment with fertilizers the 
following acid mixture is recommended, applied at the rate of 1,000 
pounds per acre, or one-fifth of a pound per square yard: 


Pounds. 
Acid phosphate (high grade, about 16 per cent available phos- 
Bien ee Riot) =n oe tL SS eee Sok 600 
Sulphate of potash (50 per cent potash) __-__________________ 200 
Sulphate of ammonia (20 per cent nitrogen) ________________ 200 
(Muriate of potash may be substituted for sulphate of 


potash. ) 


This and similar acid mixtures have been used with success on 
blueberry plants in both pot and field experiments, with no evidence 
thus far of cumulative injurious effects. However, as no fertilizer 
is required to make the swamp blueberry fruit abundantly and con- 
tinuously in suitable peat and sand soils properly handled, the use 
of fertilizers in commercial plantations is not at present advocated. 

The swamp blueberry does not require a yearly pruning. When 
one of the stems of a bush becomes unproductive from injury or old 
age it should, of course, be cut out. If a large part of a bush needs 
_ removal it is better to cut all the stems to the ground and let the 
plant send up new shoots, all of the same age, to form a wholly new 
and symmetrical top. 


YIELD AND PROFITS. 


By proper manipulation in the greenhouse, seedling blueberry 
plants can often be made to ripen a few berries in less than a year, 
but they do not come into commercial bearing in field plantations 
until they are 3 to 4 years old (Pls. XIV, XV, XVI), when the 
plants are 1 to 3 feet high. They then increase slowly to full size 
and full bearing. Wild bushes of the swamp blueberry live to great 
age, often 50 to 100 years, still bearing heavily, and they often 
attain a height of 6 to 8 feet when growing in full sunhght; still 
more when shaded. Individual stems may remain productive. for 
10 to 25 years. When dead they are replaced by new and vigorous 
shoots from the root. 

The field plantings resulting from the recent experiments in blue- 
berry culture are too young to show the mature yield. Fortunately 
however, there is, near Elkhart, Ind., a small blueberry planting of 
mature age. The returns from this plantation set forward our 
knowledge of yields by at least a decade. The plantation is about 
24 acres in extent. It was started in 1889 in a natural blueberry 
bog, which was first drained and then set with unselected wild-blue- 
berry bushes. The plantation was profitable from the first, but 
exact records of yield and receipts are available only for the years 
1910 to 1915, when the plantation was 21 to 26 years old, The data 
are shown in Table I. 
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TABLE I. —VYield and receipts from a plantation of blueberries near Elkhart, Ind., 
1910 to 1915, inclusive. 


j Price (ap- 
Sean Yield | proximate | Receipts | Profits 
H per acre. | average | per acre. | per acre. 
per quart). 
a A ee 
1910 (a year of ‘‘almost total failure” because of late spring | Quarts. Cents. 

TREOZES))o yey NAN eee) eee Munistin mmerOne Cun pe aaa ins 419 174 | $71.87 $10 
AOU eo. Se ee see Rae as as oie ee eS a 2, 266 123 292. 44 139 
NON De ees on Se ors ea oa 8 cn Denies lege a 2,379 123 305. 75 147 
SUS Sa ate A Nag a A a ag me SP ae 1,770 153 267. 64 139 
coe (a year of severe midsummer drought).......--..---.---- 1,397 144 201.94 92 

Aes Sa aeia le sits eee tla Atel nial eis Win ROR SST A rane alegre 2, 214 144 321.00 170 
Average toriie Giyears =s25- ole cee eee en ee ees 1,741 14% | - 243.44 116 


The annual expenses for weeding, cultivation, and irrigation were 
about $20 per acre. The cost of picking was 5 cents a quart. The 
general cost of maintenance of the equipment was about $2 per acre 
per year, the crates and boxes being used repeatedly. The computa- 
tion includes an estimated annual charge of $12 per acre for interest, 
€2 for taxes, and $4 for depreciation or sinking fund. 

It must be borne in mind that these figures are based on the yields 
from wild bushes transplanted without selection as to individual 
productiveness or the size of the berries. With bushes propagated 
from selected varieties, the yield should be greater and the berries 
much larger, this greater size probably effecting a reduction in the 
cost of picking and certainly an increase in the selling price. 

Only a beginning has been made in the improvement of the blue- 
berry. In a series of experiments involving the selection of superior 
wild strains, the growing of hybrids, and the forcing of choice 
varieties to quick fruiting by budding them on strong seedling 
stocks, berries seven-eighths of an inch in diameter have already 
been produced in the greenhouse. The yield and profits from such 
bushes in field plantations are not yet known. (For an illustration 
of a cluster of very large berries, see Pl. XVII.) 


CONCLUSION. 


The introduction of the blueberry into agriculture has a much more 
profound significance than the mere addition of one more agri- 
cultural industry to those already in existence. Blueberries thrive 
best in soils so acid as to be considered worthless for ordinary agri- 
cultural purposes. Blueberry culture, therefore, not only promises to 
add to the general welfare through the utilization of land almost value- 
less otherwise, but it offers a profitable industry to individual land- 
owners in districts in which general agricultural conditions are 
especially hard and unpromising, and it suggests the possibility of 
the further utilization of such lands by means of other crops adapted 
to acid conditions.? 


1 For a discussion of the principles of acid-soil agriculture in districts in which the cost 
of lime is prohibitory, consult ‘‘ The Agricultural Utilization of Acid Lands by Means of 
Acid-Tolerant Crops,” United States Department of Agriculture, Bulletin No. 6, 1913. 
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Bul. 334, U. S. Dept. of Agriculture. PLATE II. 


NEw SHOOTS ON A STUMPED BLUEBERRY PLANT. 


The three shoots shown grew after the plant had been cut tothe stump. Their white color 
at the base indicates the depth of the propagating bed through which they forced their 
way and from which the plant was taken to be photographed. Roots had already begun 
to develop. (Natural size.) 


Bul. 334, U. S. Dept. of Agriculture. PLATE Ill. 


BLUEBERRY PLANT FROM A ROOTED STUMP SHOOT. 


The old cut-off stem shown in the illustration is the rooted base of a vigorous shoot from a 
stumped blueberry. It was removed from the parent plant a year after stumping, was 
potted in a 4-inch pot, and when photographed was in process of developing two new leafy 
branches. (Natural size.) 
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PLATE IV. 


DEVELOPING. 


Fia. 2.—TUBERED BLUEBERRY CUTTING WITH SPROUTS ROOTING AT THE BASE. 


The sprout at the left in figure 1 had emerged from the sand and begun to develop green 


leaves above the surface. The sprout near the center of figure 1 is younger, the whole of 
it still in the rootstock stage. The two sprouts in figure 2 are developing roots on their 


lower parts, above the dying wood of the old cutting and beneath the surface of the cutting 
bed. (Both natural size.) 
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WELL-ROOTED SPROUTS FROM A TUBERED BLUEBERRY CUTTING. 


Sprouts with roots thus far developed are ready for potting, even though secondary growth, 
as in this ease, hasnot yet taken place. These two sprouts are so closely united that they 
can not safely be separated into two plants. (Natural size.) 
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NEWLY POTTED BLUEBERRY PLANT FROM A TUBERED CUTTING. 


After the sprout from the tubered cutting had rooted and before it was potted it had made 
secondary growth from the tip of the original sprout. (Natural size.) 
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Fia. 1.—BLUEBERRY PROPAGATION SHELTER AT WHITESBOG, N. J. 


The illustration shows the north and west sides of the shelter and the fence surrounding it. 
The shelter covers four rows of frames, which face south. Each of the four sections is 9 feet 
high and 10 feet 10 inches from front to back. 


Fic. 2.—BLUEBERRY PROPAGATION FRAMES AT WHITESBOG, N. J. 


Each sash is of the standard size, 3 feet wide and 6 feet long. The wooden sides of the cold- 
frames rise 2 feet from the ground at the back and 1 foot at the front. The lowest part of the 
roof joists is 6} feet above the ground. 
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BLUEBERRY CUTTINGS IN EARLY STAGES OF GROWTH. 


The figure at the left shows a cutting callused at the base and the uppermost bud pushing, 
but the green bracts and young leaves not yet expanded. Jn the middle and right-hand 
figures callusing has proceeded farther at the cut surfaces, both top and bottom, and the 
formation of new leafy twigs is well under way; but the growth of the tips has not yet 
been terminated. As shown in the right-hand figure, twigs are often produced from two 
of the upper buds, sometimes more. (Natural size.) 
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Fic. 1.—Box OF BLUEBERRY CUTTINGS AFTER MULCHING. 


The box is 10 by 12 inches by 8 inches deep, inside measurement. The new twigs have com- 
pleted their primary growth, their leaves have reached full size, and the formation of roots 
is about to begin. Secondary twig growth has not yet taken place. 


Fic. 2.—Box OF BLUEBERRY CUTTINGS SHOWING SECONDARY GROWTH. 


Most of the cuttings have put out and matured their strong secondary twigs. This condition 
of twig growth is conclusive evidence that the cuttings are well rooted and that the box is 
ready for ventilation. 


Bul. 334, U. S. Dept. of Agriculture. PLATE X. 


WELL-ROoOTED BLUEBERRY CUTTING. 


This cutting with the sand adhering to it has just been removed from its cutting bed. The 

_illustration shows the secondary twig growth that took place from the apex of the primary 
twig after the cutting had begun to form roots. The dark-colored bud scales just below 
the middle of the leaf-bearing axis mark the apex of the primary growth and the base of 
the secondary growth. This cutting was in the cutting bed from February 3 to August 6, 
when the photograph was taken. Under greenhouse propagation the cutting is ready for 
potting; under outdoor propagation it should remain in the cutting bed until late autumn 
or early spring. (Natural size.) 
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BLUEBERRY PLANTS FROM ROOT CUTTINGS. 


The illustration, from a photograph taken on July 27, shows the excellent growth secured 
from root cuttings buried in a coldframe cutting bed early in the spring of the same 
year. This section of the coldframe is of the size of a standard sash, 3 feet in width 
and 6 feet from front to back. 
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CLUSTER OF BLUEBERRIES ON A 3-YEAR-OLD HYBRID. 


This cluster of berries, which is of natural size, is from one of the hybrid bushes shown 
in Plate XV. The berries had avery light blue color, firm but juicy flesh, exceptionally 
delicious flavor, and seeds so small as not to be noticeable when the berries were eaten. 
The largest berry on this bush was 15 millimeters in diameter. Other bushes in the 
plantation bore berries 17 millimeters in diameter, larger than those of either parent. 
‘The small berries on the cluster were still green. Such berries increase rapidly in size 
during the few days of ripening. 


Bul. 334, U. S. Dept. of Agriculture. PLATE XV. 


Fla. 1.—THREE-YEAR-OLD BLUEBERRY PLANT IN COMMERCIAL BEARING. 


This plant is a hybrid between two selected wild stocks, from Greenfield, N. H., and Brown 
Mills, N. J. They were hybridized in the greenhouses at Washington in the summer of 1912, 
and the hybrid seeds were sown September 9. The young plants were carried over winter 
in the greenhouse, and early in September, 1913, they were sent to Whitesbog, N. J., and 
set out in a trial field plantation. The photograph was taken July 27, 1915, when the plant 
was a little less than 3 years old. The plant is one of those shown in figure 2 (below). 
(About one-fifth natural size. ) 


Fic. 2.—PLANTATION OF 3-YEAR-OLD BLUEBERRY HYBRIDS AT WHITESBOG N. J. 


These hybrids are of the same age and parentage and have received the same treatment as the 
plant shown in figure 1 (above). In the third year from the seed they produced their first 
commercial crop, valued at $37 per acre, gross receipts. The rows are 5 feet apart and the 
plants 3 feet apart in the row, too close a spacing for a permanent plantation (which should 
be 8 by 8 feet) but correspondingly more productive in the earlier years. 
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Bul. 334, U. S. Dept. of Agriculture. PLATE XVII. 


HYBRID BLUEBERRIES OF LARGE SIZE. 


These berries, shown in their natural size, reached a diameter of 18.6 millimeters, nearly 
three-quarters of aninch. They were produced in the greenhouses at Washington on 
a plant 12 months old, ina 4inch pot. One of the parents of this hybrid was itselfa 
selected hybrid, of selected high-bush and low-bush New Hampshire parentage, and 
the other parent was a selected wild swamp blueberry from New Jersey. It is not yet 
known what results these hybrids will yield in jield plantations. Many thousand 
hybrids will be fruited in the trial plantation at Whitesbog in the pine barrens of New 
Jersey, and from these a few of the best bushes will be selected for final propagation 
and distribution. 
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INTRODUCTION. 


In Bulletin 140, Bureau of Chemistry, a preliminary report is made 
on the changes in sugar and acid content of several varieties of grapes 
as determined in 1909 and 1910 during a period of several weeks 
previous to ripening and at full maturity. The results of a further 
and more extended examination of several of these varieties of grapes 
made during the seasons of 1911 and 1912 are presented in this bulle- 
tin. The examinations were made at Sandusky, Ohio, and at Char- 
lottesville, Va. 

The period of observation and analysis of the fruit samples was con- 
siderably extended beyond that previously reported and more com- 
plete analyses were made so as to secure additional data covering 
several important questions, such as the presence of other acids than 
tartaric and the changes in the ratio of combined and free tartaric 
acid. The study of the increase of sugar content and the changes in 
total acid content remain, however, as heretofore, the prime object 
of the investigation. 

Study of the fundamental changes which occur during the ripening 
of grapes is of importance in the determination of the normal compo- 
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sition of grape products, and it would appear that the data secured 
should have practical value to growers who wish to secure the highest 
quality of fruit; therefore the analytical results are presented quite 
fully. 


CHANGES IN THE CHEMICAL COMPOSITION OF GRAPES DURING THE 
RIPENING PERIOD. 


The ripeness of the grape should not be judged merely by its color, 
for many varieties color long before they are fully ripe. Ripeness can 
be properly determined only when both chemical composition and 
physiological condition are considered. Many of the varieties of 
grapes derived from native American species at present commercially 
grown show a rather high acidity. In such grapes the qualities de- 
sired are the highest content of sugar and the lowest content of acid 
which can be secured without deterioration of the marketable condi- 
tion of the crop. Some exceptions to this statement may be noted, 
as, for instance, the Delaware, which, when fully ripe, shows an acid- 
sugar ratio too wide for dry wine manufacture. 

In the ripening of grapes the increase of sugar and the elimination 
of acid are dependent upon many factors, such as climatic and soil 
conditions, the vigor of the plant, the site, pruning and training, and 
species and variety characteristics. With certain reservations, sugar 
should increase and acid diminish as long as the leaves function 
properly. This, however, is not always the case, for as soon as the 
pedicels—the small stems which carry the berries—begin to wither, 
the fruit is gradually cut off from further influence of the growth 
processes taking place in the plant, and its sugar content may remain 
fairly constant for some time. It may appear to increase by reason 
of evaporation of water from the berries, or in certain cases may 
seem to be reduced by changes induced by the respiratory processes 
of the fruit. The acid content is notably affected by respiration, 
especially if malic acid is present in any quantity.! 

The total sugar and acid content are not the sole factors of impor- 
tance in determining the acceptability of the fruit for manufacturing 
purposes, because the total acid-reacting substances are composed of 
several substances, among which the malic acid is at times quite as 
important as the tartaric acid. The content of malic acid is of 
importance, because this acid is to a considerable extent eliminated 
by oxidation through respiratory processes during the development 
of the fruit.2 As far as this process occurs it causes a positive lower- 
ing of the acid content of the juice. In wine making whatever por- 
tion of the malic acid remains free and goes into the young wine 


1 Babo und Mach, Weinbau, 3d ed., 1909, 1: 117, 157-159; Ibid, Kellerwirtschaft, 4th ed., 1910, 2: 12, 13, 
31, 162. 
2 Thid. 
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can be largely changed by after-fermentation into lactic acid and 
carbon dioxid,' thus still further lowering the acid content of the 
final product. This latter change in the malic acid can not, how- 
ever, occur in juices that are used in unfermented condition, as 
bottled grape juices. 

The occurrence of malic acid in the grape is very well known, yet 
it is difficult to determine the acid as such by the methods available 
in this laboratory; hence the acid substances here discussed as malic 
acid were not estimated by direct determination. These substances 
are in fact the fixed acids other than tartaric, but it is known that of 
these only malic acid? occurs in important quantities. 

The total acidity of the fruit is also very sensibly lowered some 
seasons through the disappearance of free tartaric acid during ripen- 
ing. It appears from our results that free tartaric acid in many 
cases entirely disappears in the ripe fruit, especially from those 
varieties with dark-colored juice. In some varieties with light- 
colored juice, like Catawba, the disappearance of free tartaric acid 
does not seem so complete, especially when the fruit ripens late. 

The disappearance of free tartaric acid* as the fruit matures is 
primarily due to the influx, into the developing fruit, of potassium, 
which combines with the free tartaric acid to form cream of tartar, 
the insoluble acid tartrate of potassium. This compound is present 
in all grape juices and its titratable acidity is but one-half that of 
the free tartaric acid before combination with the potassium, hence 
those conditions which encourage the formation of this acid salt 
sensibly reduce the acidity of the juice of the fruit. Other bases, such 
as lime and magnesia, also enter into combination with tartaric acid 
to form the alkaline-earth tartrates; but these salts occur only in 
slight quantities, and their presence does not materially affect the 
total acidity from the manufacturing standpoint. The formation of 
crystals of cream of tartar in the fruit, and the fact that these crystals 
occur in the pressed residue of freshly-crushed grapes, has been de- 
termined by the authors,* but these phenomena require further study 
before their effect upon total acidity can be stated. The precipitation 
of this salt of tartaric acid, in whatever manner it may occur, has a 
marked effect upon the final acidity of food products made from 
erape juice. Thus a freshly-pressed grape juice or young wine will 
ordinarily show a decided precipitation of tartar or argol within a 
few months. 

After the disappearance of all free tartaric acid any further influx 
of potassium or of other bases will result in a union with the malic 


1 Kiilisch, Weinverbesserung, 3d ed., 1909, p. 19. 

2 Babo und Mach, Kellerwirtschaft, 4th ed., 2- 12, 162-163. 

3Babo und Mach, Weinbau, 3d ed., 1909, 7: (1) 159-161, tables; Ibid, Kellerwirtschaft, 4th ed., 1910, 
2: 13-14; Koenig, Nahrungs und Genussmittel, 4th ed., 1903, p. 1174. 

4J. Agr. Res., 1913, 7: 513. 
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acid to form malates of potassium, calcium, or magnesium. The 
formation of these salts would still further reduce the acidity of the 
juice. 

There is a further consideration which enters into the relative acid 
content of green and ripe fruit—that of the dilution of the acidity 
by ah increase of the sugar and water content. An attempt to deter- 
mine the extent to which this change affects the percentage of acid 
content was undertaken in 1912 and is treated in a section of this 
report. 

It appears, then, that there are a number of changes in the compo- 
sition of the fruit during its development and ripening which tend — 
to lower the acid content. Therefore, grapes which originally con- 
tained a high total acidity might in many cases mature so as to reduce 
the final acid content of products made from them. The prime points 
of consideration for wine making are that the fruit should be well 
ripened, so that all of the combinations of the bases with the acids 
which are possible may be carried to completion and that malic acid 
may be eliminated by growth processes to the fullest extent prac- 
ticable. Then the cream of tartar in the expressed juice, whether 
it be used for unfermented fruit juice or for wine, should be pre- 
cipitated as perfectly as possible. If malic acid is present in any 
quantity in wine it will be largely changed by after-fermentation 
into lactic acid, if proper conditions are observed. 

Then a grape may be said, in a manufacturing sense, to be ready to 
harvest at that period in its development when the sugar content 
and the acid elements have reached the most favorable state (con- 
sidering the purpose for which it is intended) that is possible for 
the variety in the particular season, location, and other prevailing 
conditions. 

SOURCES AND PREPARATION OF SAMPLES. 

During the years 1911 and 1912 a certain number of plants of each 
variety investigated were reserved for the samples desired. These 
plants were selected with a view of guarding a quantity of average 
fruit so that the sampling might be done in a manner to secure typical 
material. The work of this laboratory on grape samples during the 
past four years has shown that it 1s not possible to select two samples 
of fruit at the same time which shall be exact duplicates. It is also 
true that one can not select samples from the same vines at different 
dates which will give results entirely logical in the sequence of the 
changing constituents. The analyses herein reported show the effect 
of these variations in sample, but these are not such as to confuse the 
results. 

The 1911 samples of Catawba, Delaware, Ives, and Norton, exam- 
ined at Sandusky, Ohio, were taken from a vineyard at Venice, 
about 3 miles west of Sandusky. The soil is heavy black loam over- — 
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lying limestone. The land is flat and only a few hundred yards from 
the shore of Lake Erie. The 1911 samples of Clinton were taken from 
a neighboring vineyard on similar soil. These samples were collected 
in every instance by J. R. Eoff. who was in charge of the chemical 
examinations at Sandusky. 

The 1911 samples of Concord, Delaware, and Norton at Char- 
lottesville, Va., were taken from a vineyard of which the soil is the 
characteristic Piedmont red clay, lymg on a slope just below an 
outcrop of gray sandstone. The Cynthiana samples were taken from 
another vineyard situated on soil of like character. These samples 
were taken in every instance by William B. Alwood or B. G. 
Hartmann. 

During 1912 fewer varieties were examined than previously, but 
‘the amount of work done was extended to cover points not before 
investigated. At Sandusky only Concord and Catawba were ex- 
amined, and these were obtained from the vineyard first described. 
At Charlottesville, Concord and Delaware were examined, both from 
the vineyard which had supplied samples of these varieties the pre- 
vious year. 

For all examinations of whatever nature about 5 pounds of fruit 
were selected in the vineyard and the bunches were placed in a small 
fruit basket and stored uncovered in the cellar of the laboratory for 
18 to 24 hours at a temperature of about 60° F. The purpose of 
holding the fruit in the cellar was to bring all samples to as nearly 
as possible the same temperature before crushing, so that the results 
for cream of tartar should not be affected by reason of the variation 
in its solubility at different temperatures. 

The fruit used for juice samples was brought from the cellar and 
crushed at once by hand in porcelain-lined vessels. About 2 pounds 
of unstemmed fruit were used and care was observed to take aver- 
age quality as to ripeness. The berries were carefully pulped with 
the fingers until well broken up, then the juice was expressed through 
a double thickness of cheesecloth, working the pulp into a ball in 
the cloth and applying such pressure as experience has shown will 
ordinarily extract the juice as efficiently as when freshly pulped 
fruit is pressed on a power press at 1,500 pounds direct pressure. 
The juice recovered was strained by filtering through ‘cotton, and 
from this portion the chemical sample was taken. A Brix reading 
was then made at 20° C. on the fresh juice. Then 250 cc of the 
sample, the quantity desired for analysis, were measured and diluted 
with an equal volume of distilled water, thus giving 500 cc. This 
diluted sample was filtered through paper and a 20 cc portion titrated 
for total acid; the specific gravity was determined at once in a 
pycnometer. During 1912 the specific-gravity determinations were 
made in a pycnometer on the undiluted juice. The further determi- 
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nations were made as far as possible on the same day, or at least the 
manipulation was carried to a point where any change in composition 
would not affect the determination. All the determinations were 
completed within 36 hours after crushing the fruit. 

Diluting the samples keeps the juice more nearly normal, pre- 
venting precipitation of tartar, which may occur if the sample should 
stand for some hours. The diluted sample can be filtered much 
more readily than the undiluted juice, and in case of colored juices a 
clearer end point is obtained when the sample is titrated for acidity. 

While the analyses made in 1912 were confined to three varieties, 
the work was extended to include complete analyses of the fruit of 
two varieties, as well as the analyses of the juice samples as hereto- 
fore made. First, an analysis of the juice sample was made in the 
manner detailed for 1911, and the results for 1912 are im all respects 
comparable with the data for that year, save that the total tartaric 
acid for 1912 was obtained by the method of half neutralization 
proposed by Hartmann and Koff.1 

It is evident that the analysis of a juice sample does not furnish 
final data on the composition of the entire fruit, because it is impos- 
sible to secure, by crushing and pressing a sample of the fruit, all of 
the constituents of the berries. This method secures only such as 
are in solution in the juice sample recovered. While the results for 
many constituents when the juice and whole-fruit sample are com- 
pared are somewhat similar, there are some important variations. 

For the sample for whole fruit analyses in 1912, taken at the same 
time and from the same fruit selected for the juice sample, the berries 
were carefully clipped with sharp scissors from the stems at the 
junction of the fruit with the pedicels, care being taken not to break 
the skin of the fruit. A sample of 800 to 1,000 grams was prepared 
in this manner. The berries were held in a large piece of cheese- 
cloth and rolled to and fro until they were thoroughly mixed, then 
from different portions of the mass two samples of 100 grams each 
were taken for duplicate determinations of the organic constituents, 
and three samples of 100 berries each for triplicate weighings and 
measurements of volume of the fruit. The several samples required 
for burning direct to secure the ash samples were also taken at this 
time. 

The samples for the organic determinations were exhausted in dis- 
tilled water as follows: Each was placed in a cheese-cloth square and 
tied firmly with twine, so that the fruit was confined in a ball. 
These were suspended in 500 cc beakers containing about 200 cc of 
distilled water, placed over a flame, and kept constantly at boiling 
temperature. After 10 to 20 minutes the water containing the solu- 
tion extracted from the fruit was removed to a large porcelain 


1U., 8. Dept. Agr., Bur. Chem., Bul. 162, pp. 71-77. 
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evaporating dish and replaced with hot distilled water. This ex- 
_ haustion was repeated five or six times and the solution collected in 
the porcelain dish. When the extraction seemed complete, cold dis- 
tilled water was added to the beaker. The pulp in the cloth was 
then carefully worked and pressed with the fingers to extract the 
remainder of the soluble constituents, which was added to the extract 
already collected. To determine whether the exhaustion was com- 
plete the pomace in the cloth was again treated with boiling water 
and a 10 cc portion titrated with tenth-normal sodium hydroxid, 
using phenolphthalem as indicator. If not more than 0.5 cc of 
tenth-normal sodium hydroxid were required to neutralize the por- 
tion taken, exhaustion was considered complete. If the material 
still showed appreciable acid the extraction with water was con- 
tinued until complete. 

The solution collected from the successive boilings, after being 
kept on a water bath until the volume was sufficiently reduced, was 
transferred to a 500 cc graduated flask. The porcelain dish was care- 
fully rubbed with a policeman and rinsed with hot water until all the 
extractive matter was recovered. The solution was cooled to room 
temperature and made up to 500 cc, and from this sample all the 
organic determinations were made. The fruit samples were treated 
in duplicate by this method and the results checked satisfactorily. 
The average result of these two determinations, in percentage of the 
weighed fruit sample, is given in Table 6. 

In order to determine more accurately the inorganic constituents, 
such as phosphoric acid, chlorin, potassium oxid, sodium oxid, cal- 
cium oxid, and magnesium oxid, weighed portions of the same fruit 
sample were ashed direct for these determinations. An attempt was 
made to use the solution extract for the determination of chlorin, 
but it was found by check determinations that this solution gave a 
large excess of chlorin, indicating that chlorin was probably intro- . 
duced in some manner during the preparation of the solution. The 
fruit for these determinations was ashed in platinum dishes in the 
usual manner, 50 to 80 gram samples being used. The results are 
given in percentage of the weighed sample. 


METHODS OF ANALYSIS. 


The official methods for wine (Bureau of Chemistry Bulletin 107, 
Revised) were followed in the work done during 1911, save for cream 
of tartar, free tartaric acid, tartaric acid to alkaline earths, and for 
the item reported as fixed acid other than tartaric. For determin- 
ing these substances, except the last named, the revised methods 
given (Bureau of Chemistry Bulletin 162, pages 71 to 77) were fol- 
lowed, and in the results reported for 1912 the total tartaric acid 
was determined by the revised method given in this bulletin. These 
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methods have been carefully checked in this laboratory and at the 
Bureau of Chemistry and found to give more reliable results than 
the methods given in Bureau of Chemistry Bulletin 107, Revised. 
For the items reported as ‘‘ Fixed acid other than tartaric,” the fol- 
lowing formula was used: Total acid as tartaric —[(total alkalinity 
X 0.0075) + free tartaric acid] = fixed acid other than tartaric expressed 
as tartaric. This result is practically the same as the “Sauerrest’’ 
of the German chemists.! 

This formula gives those acids present other than tartaric, but as 
it is known that almost the total quantity of these acids in the grape 
consists of malic acid,? the result may be interpreted as this acid for 
the considerations involved in this report. To actually convert this 
result to malic acid, multiply the figures given in the table by 0.8934. 
It was not possible, with the conditions under which this work was 
done, to determine the minute quantities of other acids ee such 
as succinic and glycolic acids. 

The total acid percentage is practically the same in the green fruit of 
Concord in both juice and whole-fruit samples, and this relation con- 
tinues so nearly throughout the entire period that either result may 
be taken as fairly expressing the content. The total acid is decid- 
edly higher in the juice sample of green Catawba than in the whole 
fruit for the first three samples taken; then the acid content of both 
samples becomes about what may be expected of check samples. 

The results for total tartaric acid in the juice and whole fruit are 
not so uniform as for total acid. Yet for the Concord samples, both 
at Sandusky and Charlottesville, there is a degree of uniformity 
which is striking, considering the difficulty of sampling which has 
been mentioned. The Catawba samples show much difference in 
the green fruit, but the later samples approach uniformity. 

There is a striking dissimilarity in the percentage of tartaric acid 
for the Concord samples at Sandusky and Charlottesville through- 
out the period of investigation. Those taken at Sandusky show 
much less variation than the Charlottesville samples and the former 
show approximately the same amount at the close of the season as 
for the partly colored samples first taken, while the Charlottesville 
samples show a very marked decline in tartaric acid for both the 
juice and fruit samples. Further investigation of this point is neces- 
sary before offering any critical discussion. 

It would appear that the crushed fruit invariably yields decidedly 
the greater part of the free tartaric acid content when pressed. ‘The 
rapid diminution of the percentage of this acid as the fruit ripens is ~ 
shown for both the juice and fruit samples. These results support 


1 Babo and Mach, Kellerwirtschaft, 4th ed., 1910, 2: 629. 
2 Babo and Mach, Weinbau and Kellerwirtschaft, loc. cit. 
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our previous determinations and show that the Concord juice loses 
free tartaric acid more completely than the Catawba. 

The results for cream of tartar show that in every instance save 
one the juice sample carries a smaller percentage of cream of tartar 
than the whole fruit. The one exception, No. 3588, is affected by 
an evident error and is excluded from consideration. The excess, in 
per cent, of cream of tartar in the whole fruit is sufficient to support 
a previous statement that this substance exists as crystals and that 
some of these are retained in the pulp when the fruit is pressed. 

The constant increase of cream of tartar both in the juice and fruit 
samples follows naturally from the disappearance of free tartaric 
acid. The results for 1912 are in this respect more logical than those 
for 1911. 

The data given under fixed acids other than tartaric are considered 
by the authors to be remarkably interesting. It is shown that the 
total content of tartaric acid remains nearly constant, especially 
when the whole fruit samples are compared, but these other acids, 
which we have considered as mostly malic, show such a steady and 
sharp decline that one is forced to accept conclusions derived from 
the data given in Table 5. The reduction in the percentage of acid 
under this head reaches two-thirds to three-fourths of the entire 
amount given for the first samples taken. 


ANALYTICAL RESULTS ON THE JUICE SAMPLES. 


CROP OF 1911. 


_In Table 1 the condition of the fruit on the vines at the time of 
sampling and the results of the analyses of samples both at the 
Sandusky and Charlottesville laboratories are given in detail. The 
period covered by the analyses at Sandusky was carried beyond the 
wine-ripe condition, except in the case of the Norton, which was 
destroyed by the berry moth! before it was fully ripe. This con- 
tinuation of the analyses was for the purpose of following the changes 
that occur in the fruit even to the natural destruction of the crop. 
The high temperature of the fall season at Charlottesville is not 
favorable to holding samples at that point after they are fully ripe, 
hence the data for that locality cover only the period to full maturity. 


1 Polychrosis viteana Clemens, 
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SUGAR AND ACID IN GRAPES DURING 
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Particular attention is called to the data on sugar and acids. 
The Catawba crop studied in 1911 was harvested October 1 to 4, 
and though certain plants were held and sampling was continued 
25 days longer, the results show only a gain of 1.22 grams of sugar 
and the loss of 0.24 gram of acid in 100 cc of juice. The apparent 
increase of sugar was doubtless due to evaporation of water from 
the berries and the loss of acid is possibly accounted for in the loss 
of malic acid. This would probably have disappeared in wine 
fermentation,’ giving practically the same or a lower result than that 
recorded for the last sample. It is certain that nothing would have 
been gained for commercial purposes by holding this particular 
crop on the vine after the date it was harvested. 

It is not to be understood that the dates of full-crop ripeness 
given in the tables apply to all the vineyards of the Sandusky dis- 
trict. On the contrary, these dates apply only to the crops sampled. 
The season for Catawba in the Sandusky district lasts fully 3 weeks 
and the ripening of other varieties extends over a considerable 
period, varying with location. 

Clinton was sampled for 21 days after the crop was picked, but 
shows only an increase of 1.43 grams of sugar and a loss of 0.18 
gram of acid. This variety lost most of its foliage before the fruit 
was picked on October 7 and 8 and the later samples were picked 
from vines practically bare of leaves. This undoubtedly had an 
influence on the high acid shown. In fact, this crop of Clinton 
shows the maximum acid at ripening of all the crops of this variety 
examined at Sandusky during the season of 1911. The fact that 
this variety showed such high content of both malic acid and cream 
of tartar at ripening should be noted in this connection, because the 
presence of those elements greatly assists in the reduction of the 
acid of the finished products from this variety. This occurs by 
precipitation of the crude tartar both in grape juices and wines and 
by destruction of malic acid with the formation of lactic acid through 
bacterial fermentation ? in case of wines. 

The Delaware samples at Sandusky show the most notable increase 
of sugar after the date the crop was marked wine-ripe. However 
important it might appear to be to secure this increase of nearly 
3 grams of sugar in 100 cc of juice, it is not practicable to hold this 
crop so late because of the injury to the fruit from birds, insects, 
and various other causes. The acid reduction was inappreciable, 
but as a matter of fact this variety has scarcely enough acid when 
it is fully ripe for the best results in dry-wine making. Note the 
unusually wide total acid-sugar ratio in Table 2. 

Ives, though held on the vine 14 days after marked fully ripe, 
showed very slight changes in sugar and acid. 


1 Kulisch, Weinverbesserung, 3d ed., 1909, p. 19. 2Thid. 
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The Norton samples were unfortunately destroyed by the. berry 
moth before fully ripe, but the total sugar shown in this variety at 
Sandusky is remarkable, considering that it is distinctly a Southern 
erape. Possibly with extra effort it might be matured in the San- 
dusky district so as to show a lower acid content than it usually 
does. 

The Concord grape samples at Charlottesville showed but small 
increase of sugar after they were fully colored. The season was 
very hot and dry and the fruit ripened quickly, then deteriorated 
rapidly, as shown by the analyses. ‘This is the only variety sampled 
at Charlottesville after full maturity. The fruit burst and was badly 
attacked by birds and insects, hence the later samples were not 
normal. . 

Cynthiana was 30 days in reaching full maturity after the berries 
were colored. The increase of sugar during this long period was not 
really marked. The results show only about 40 per cent more sugar 
in the last than in the first sample; but the loss in acid in 100 cc of 
juice was 63 per cent. This gave a rich juice with a very moderate 
acid content—only 0.75 gram in 100 cc. 

Delaware was sampled at Charlottesville for 21 days after the 
berries were colored until full ripeness. The increase of sugar was 
57 per cent and the drop in acid slight. The final sugar content is too 
high for the acid strength, as is also noted for the Sandusky samples. 
This fruit can not well be held at Charlottesville for study after full 
maturity. It would, however, most likely show final sugar equal 
to the Sandusky samples. (Note that the acid-sugar ratio for 
Delaware at wine-ripeness is practically the same for both districts.) 

Norton was sampled for 34 days at Charlottesville, after it was 
fully colored but before it was fully ripe, with an increase of only 5.35 
grams of sugar in 100 cc of juice; but the decrease in acidity of 1.33 
grams is the greatest noted for any variety from the period of full 
coloring until ripe. The final acid of 0.80 gram in 100 cc shown by 
this crop is remarkably favorable for this variety. 

It is a noteworthy point that free tartaric acid practically dis- 
appeared from the grapes having dark-colored juice, both at San- 
dusky and at Charlottesville, some time previous to maturity. The 
very large amount of fixed acids other than tartaric (which are 
treated in this discussion as malic acid), shown in the green Catawba, 
Clinton, Cynthiana, and Norton, is interesting. None of the other 
varieties nearly equal these four in this regard. The data show that 
the loss of acid during the maturity of the fruit is very largely due 
to the changing of the malic acid, but there is in every instance a 
greater loss of total acid than of malic. This is in accordance with 
what should normally occur through the combination of free tar- 
taric with potassium and other bases forming cream of tartar and 
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alkaline-earth tartrates. So long as free tartaric acid is present the 
loss of malic acid is accounted for by the vital processes of the plant, 
but as soon as there is no longer free tartaric acid present, malic 
acid will combine with potassium and other bases which may con- 
tinue to enter the fruit by influx of sap. It would appear that 
though the fruit was held on the vines at Sandusky until long 
overripe, the sugar apparently increased to the last and the malic 
acid decreased. 

The total acidity of the first sample of Catawba is nearly twice 
the sugar content. Norton also shows the same relation, but all 


the other varieties show a much higher ratio of sugar to acid in the: 


first samples. These two varieties develop their sugar content rap- 
idly during the later period of growth and decline in acid content 
with marked rapidity. Note in this connection the ratio of loss of 
acid to increase of sugar in Table 2. The acid content of the Catawba 
sample when harvested was only 22 per cent of the acid shown in 
the first sample, and the last frosted sample of Catawba showed only 
about one-sixth of the acid contained in the first sample. Though 
the Norton crop at Sandusky did not fully ripen, the acid of the 
last sample was not quite 30 per cent of the first sample. The sugar 
of the last sample of these two varieties at Sandusky was approxi- 
mately ten times that of the first sample. Clinton and Cynthiana 
do not show anything like such extremes, though varieties of about 
the same season and composition when ripe. Delaware, Ives, and 
Concord do not show these striking contrasts. 

The results for cream of tartar are somewhat abnormal and should 
be checked by further complete analyses of the fresh fruit. It 
would appear that cream of tartar should increase in the fruit of the 
grape until fully ripe, or, more correctly, until all free tartaric acid 
disappears, but the evidence on this subject, to which there was access, 
is not conclusive. Certainly the results of the analyses of fresh juice 
thus far made do not fully support this presumption. Only the sam- 
ples of Norton taken at Sandusky show a notable increase of cream 
of tartar at maturity. Ives and Clinton show also a slight increase. 
Delaware at Charlottesville shows a slight increase, but all other 
varieties show a decline of this substance. These results raise the 
question as to whether the cream of tartar can be wholly recovered 
by the method of extracting the juice followed in this laboratory. 
It is undoubtedly true that this substance is deposited as crystals 
when the juice is fully saturated, and especially will this be more 
pronounced as the acid content declines and the sugar content in- 
creases. The temperature of the sample might affect the results to 
a slight degree because of the varying solubility of cream of tartar 
at different temperatures. 


\ 


Some interesting points are brought out by comparing the sugar 
and acid content from the date when all the berries were colored 
until fully ripe. The note ‘‘Berries, colored” is necessarily some- 
what arbitrary, because the coloring of these varieties is not at all 
alike;;but we have used it in the general sense understood by the 
erape growers. These comparisons are presented in Table 2: 
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Taste 2.—Increase of sugar and decrease of acid for certain periods, 1911. 
[Results in grams per 100 cc.} 


SANDUSKY, OFHIO. 


Ratioloss}| Acid- 

Condition of Days | Total |Gain of} Total | Loss of] ofacidto| sugar 
berries. elapsed.| sugar.| sugar. | acid. | acid. gain of | ratioin 
sugar. | ripe fruit. 


Variety and date. 


Catawba: 
SANTOR tine cine aly ss c= Berries, colored..|.......- 11.58 PAGAL ; i 
cunts ft Wine-ripe....... “38| 19.45 \ 7.87 1) "95 \ 1.26) 1: 6.2 1:20.5 
inton: 
SS OR eae eee Berries, colored..|..-....- 1G, 5 3 2.28 3 
peng Wine-ripe....... 46| 21.17 \ Nee { 1. 49 \ Co Tia 
elaware: 
PAIES 20E Uses S20 Berries, colored..}.....--. 18.21 \ 6.25 { -96 \ 36 | 1:17.4 1:40.8 
RGiieiidieeees nie ai /=- Wine-ripe......-. 28 | 24.46 aaa - 60 Waa nay 
ves: 
LNG RAI Be Ree Berries, colored..}.....-.. 11.31 1.31 
i SepbacOeesecs teas.s Wire-ripe....... 38 | 17.36 \ 6.05 { -70 \ 61] 1: 19.9 eae 
orton; 
PATIO USUR etc e ee ss Berries, colored..}........ 15. 96 Deel! : s 
Sept 2ie. se... 25 - Last sample 1... 28 | 22.67 \ Go { 1.34 CHO ea 1216.9 
CHARLOTTESVILLE, VA. 
Concord: 
LOE DAES A esa Berries, colored..|......-.]| 14.30 \ 3.06 { 0. 98 \ 0.45 | 1: 6.8 1:32. 8 
x anes 2D eo Abeeposoe Wine-ripe......- 14] 17.36 F 53 : 3 Rare 
yuthiana: 
UNO EG at ay Ge ee See Berries, colored..|........ 15. 60 2.03 Si : 
pent Bese Wine-ripe...... 30 | 21.66 \ 6. 06 { 175 \ 1.28). 124.7 1:28.8 
elaware: 
PAT Ayn che ac.nteslay=.2 Berries, colored..|..- ec ee! 1.32 5 : 
workte 26-08 Wine-rripe....... 91 | 25.80 \ 9.36 { GS \ 67) 1:13.9 1:39.7 
orton 
Nb Berries, colored..|........ 16.57 2.13 
BenindG 1c. Wine-ripe....... 34 | 21,92 \ aaa { 80 \ Poe || UE EMEA Tor 


1 Fruit was not fully ripe. 


The summary of the data given in Table 2, on changes in sugar and 
acid content of these varieties from the time the berries were colored 
until wine-ripe, show striking differences in the ratios, loss of acid to 
gain of sugar, and total acid to total sugar, at full ripeness. The 
greatest loss of acid to gain of sugar, hence the lowest ratio, is shown 
by Cynthiana and Norton at Charlottesville, and Catawba at San- 
dusky. The full data given in Table 1 show in detail the develop- 
ment of these varieties and that when ripe they gave an excellent 
juice for wine making. The ratio for these three varieties as to total 
acid and sugar when fully ripe show that the Catawba at Sandusky 
was not so well balanced in acid and sugar content as the Cynthiana 


Sa ee 
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and Norton at Charlottesville. The analyses of this Catawba crop, 
which was inferior to some others of the Sandusky district, show its 
high value for wine manufacture. 

The extremely high ratio of gain in sugar to loss in acid shown by 
Delaware and the very wide ratio of total acid to sugar content in this 
varigty bears out the previous statement that this grape is low in 
acid for commercial purposes. This grape would make a wine with 
an acid-alcohol ratio when finished of about 1 to 26, whereas 1 to 20 
is about the right ratio for a potable wine of this class. 


CROP OF 1912. 


The work on development of acid and sugar content in grapes was 
confined during 1912 to two varieties, Concord and Catawba, at 
Sandusky, and also to two varieties, Delaware and Concord, at Char- 
lottesville. The full data on the juice samples are given in Table 1. 
A much more complete study of the composition of the whole fruit 
was undertaken than heretofore, with results as given in Table 6. 
This later work consisted of fairly complete organic and ash anal- 
yses of the whole fruit, whereas the work done heretofore was con- 
fined to the expressed juice. | 

All of the fruit used in 1912 was taken from vines reserved for this 
work and the sampling was done in every instance by the same per- 
sons as in 1911. 

The work at Sandusky was begun several weeks later than in 1911, 
but the first samples were taken before the fruit was fully colored. 
The crop was late and Catawba developed unevenly and was not in 
prime condition at any time. In fact the Catawba crop used for 
this work failed to mature properly and did not fully ripen; 1912 
was a poor crop year for all the late grapes in northern Ohio. At 
Charlottesville the fruit ripened promptly and was in excellent 
condition. 

A comparison of the sugar and the acid elements in the composi- 
tion of Catawba for the two years, 1911 and 1912, are presented in 
Table 3. The results for 1912 are taken from the date when the 
fruit was noted as showing pink color instead of fully colored, as in 
1911. The coloring of this fruit in different years varies greatly, 
but the sugar and acid content indicates comparatively the same 
stage of ripeness when the first samples used in the comparison were 
taken. As the dates of sampling for the two years are not the same, 
two dates are given for each line in the date column at the left of the 
table. The first date in each case is the date of sampling for 1911 
and the second for 1912. The comparison does not include all the 
analyses for 1911, but does give those which mark the several stages 
of maturity to the date when the crop was fully ripe, and the results 
are given for 1912 until the fruit was destroyed by frost, 
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TaBLE 3.—Comparison of sugar and acid elements in Catawba fruit, 1911-12. 


Tartaric acid. Fixed acids 
Dates when Sugar. Total acid. |---| other than | C7¢2m™ of 
sampled. tartaric tartar. 
Total. Free. 4 
1911 1912 1911 | 1912 1911 1912 1911 1912 1911 1912 1911 | 1912 | 1911 | 1912 
Aug. 20 | Sept. 9| 7.22] 6.68] 3.35] 3.02] 0.98 1.08 | 0.22] 0.65 | 2.75 | 2.16] 0.75} 0.41 
Aug. 23 | Sept. 12 | 9.46 9.35 2.96 2.48 1.01 -90 22 ~45 2.35 | 1.80 - 46 
Aug. 27 | Sept. 17 /11.58 | 10.38 2,21 2.12 79 -90 «15 47 1.74 | 1.44 65 -45 
Aug. 30 | Sept. 24 12.32 | 11.33 | 1.98] 1.74 74 -73 .08 20 1.57 | 1 28 67 253 
Sept. 3) Oct. 2 j15.24) 12.75 | 1.50) 1.63 59 .80 ~05 ol 1.18 | 1.07 .53 . 54 
Sept. 6 {| Oct. 7 |16.08 | 13.79 | 1.28] 1.53 53 .80 -03 A: 1.00 | 1.02} .48 61 
Sept. 10 | Oct. 16 |16.28 | 15.35 | 1.19] 1.34 57 -78 19 . 23 81 83 .37 61 
Sept. 13 | Oct. 23 {17.28 | 15. PZ) 1528 60 . 64 08 .08 78 91 50 59 
Sept. 20 | Oct. 29 |19.44 | 16.49 99 1.22 48 hed 00 -23 73 73 53 57 
Sept. 27 | Nov. 4 |19.94 | 16.77 .89 1.28 50 .84 00 -23 63 | .74 53 71 
Oct. 4] Nov. 8 |19.45 | 16.39 95} 1.09 58 -79. 04 -29 64 -55 56 52 


The crop of 1911 was of excellent quality for wine making pur- 
poses, while that of 1912 was distinctly poor, yet the sugar content 
varies only about 3 grams at the final examinations given in Table 3. 
This result agrees with our study of general crop samples in good 
and poor crop years, as shown in Bureau of Chemistry Bulletin 145. 

The acid elements are more difficult and complex as to comparison. 
In total acid the crop of 1911 exceeds that of 1912 for the first several 
samples compared, but gradually declines until it falls below the 
latter. The final difference, however, is not marked. The fact 
that free tartaric acid in appreciable quantity continues present in 
the 1912 crop is important from a manufacturing point of view, 
because this acid can not be eliminated from the products except 
by the artificial introduction of a base such as potassium or calcium. 

The fixed acids other than tartaric (malic) are interesting in that 
for the good crop year (1911) the values obtained in the early stages 
were much greater than in 1912, while at the end of the season the 
two crops were about alike. The total tartaric acid of the poor 
crop (1912) sensibly exceeded that of the 1911 crop and the free tar- 
taric acid markedly exceeded that found in 1911 in the early samples 
and at the time of harvesting still maintained this excess. 

The remarks on the analytical results for cream of tartar given 
under “Crop of 1911” apply to the consideration of the results 
obtained for the juice samples analyzed in 1912. The juice samples 
of 1912 also show exceptions which, though not so marked, are 
noticeable. The varieties sampled in 1912 show, with one exception, 
an increase of cream of tartar as the fruit matured, whereas in 1911 
the samples are not uniform in this regard. This lack of logical 
results in regard to the content of cream of tartar, and also other 
considerations, led us to examine whole fruit samples in 1912. The 
fruit sample was treated in such manner that the entire content of 
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cream of tartar was recovered, so far as this could be accomplished 
in water solution. These data are presented in a subsequent section 
of this paper. 

TaBLE 4.—Increase of sugar and decrease of acid for certain periods, 1912. 


/ 
[Results in grams per 100 ce.] 


SANDUSKY, OHIO. 


Ratioloss| Acid-su- 
Days | Total |Gainof) Total | Lossof| ofacid | gar ratio 
elapsed.| sugar. | sugar. | acid. | acid. | togain | inripe 

ofsugar.| fruit. 


Date. Condition of berries. 


Concord: 
Sept.4...-....- Nearly all colored. . sees a 8-160) 1.91 : é 
a poets sehaee eA Fully ripe.....---.--|. 42 | 15.92 \ 7.32 { -95 ere 0.96 1:7.6 ets: 
atawba 
Sept.17......-. Partly colored. ...--|........ 10.38 2.12 B E 
Navan cis ae Not fully ripe....... elie Oh Lomi CONS 
CHARLOTTESVILLE, VA. 
Delaware: 
. ENTIRE cys 5 60 per cent colored...)........ 13.08 1. Es ail : : 
a AU Be ei sagegs Fully ripe......---. 28 | 25.78 } wert et te Hany Hee 
oncor: 
PAI GD se Bee oa 60 per cent colored...|......_. 5.16 De 46 F 
ANU EW). Soedese Bullymipetee--22-520 28) 15.21 \ 10. 05 5h 1.66 pao ue 


COMPOSITION OF THE WHOLE FRUIT. 


A portion of each fruit sample used for the juice analysis in 1912 
was taken to make a fairly complete analysis of the whole fruit used 
for the acid-sugar investigation. The method followed in taking and 
handling the samples for this work has been given with sufficient 
detail under “‘Sources and preparation of samples.”’ 

The apparent irregularity in the increased content of cream of 
tartar as the fruit matured and the fact that crystals of this salt 
are deposited in the fruit during ripening first suggested the com- 
plete exhaustion of the organic salts from the berries. Then the 
further considerations as to whether the total weight of acid present 
in the fruit really decreased during ripening or was simply reduced 
in percentage by reason of the influx of sap and by the formation 
of sugar in the fruit was a point requiring investigation. This latter 
question was suggested by some critical discussion of the results 
obtained in 1911, during which it was pointed out by colleagues in 
the Bureau of Chemistry that it had not been definitely shown that 
acid was eliminated during ripening, though this appeared from _ 
the results to be the case. This discussion led the authors to include 
in the work for 1912 determination of the volume in cubic centi- 
meters, the specific gravity, and the exact weight in grams, of 100 
berries from the composite sample taken for the juice analysis. 
There was also concluded a fairly complete ash analysis of a portion 


ee aS a 
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of this whole fruit sample. The physical examinations noted were 
made in triplicate and the average results used in the table. From 
these results, in connection with the analyses of the completely 
extracted fruit samples, some comparisons of definite value in regard 
to the actual weight content of acid in 100 berries at different periods 
of maturity may be drawn. 


RELATIVE ACTUAL WEIGHT OF TOTAL ACID IN GREEN AND RIPE FRUIT. 


The volume of the 100 berries was determined by displacement of 
water, and the specific gravity was determined by weighing first in 
air and then in water and calculating the gravity. 

It was found necessary to rinse the berries with a weak solution 
of alcohol (10 to 15 per cent) in order to obviate the formation of 
air bubbles on the surface, which otherwise markedly interfered with 
both the volume measurement and the weighing for specific gravity. 

The volume and weight of the Concord berries did not show marked 
changes in size of the fruit throughout the period of the examina- 
tions of the samples, but for Catawba there was a decided increase 
of about 39 per cent in volume and about 44 per cent in weight. 
It appears that this late-maturing variety for that season shows 
considerable change in size and weight of berries during the period 
from coloring to maturity. 

On calculating the actual weight of acid in grams present for each 
sample of 100 berries examined there is shown in a positive manner, 
in Table 5, a fairly constant diminution in total weight of this ingre- 


_dient. The percentage of acid in the water-exhausted sample is used 


for this calculation. There are some apparently abnormal results; 
that is, durmg some periods the actual weight of acid increased 
slightly, yet this is invariably reversed for the subsequent analysis 
and the comparison of the first samples and the last taken show a 
positive loss in total weight of acid present in 100 berries for all the 
crops analyzed. The data appear to establish the fact that there 
is a very decided loss in total weight of acid as the fruit ripens. 
The weight loss is in case of Concord, both at Charlottesville and 
Sandusky, approximately one-half the total acid found in the first 
sample. For Catawba the proportion falls slightly under one-half 
the original acid. 

These results are such as should be expected from the analysis 
of juice samples, wherein it is shown in Table 1 that the fixed acids 
other than tartaric disappear to a marked extent as the fruit ripens. 
The results presented in Table 7 also support this contention. While 
it is also true that the total tartaric acid is shown by Table 1 to 
decline, this is not so marked and does not nearly account for the 
actual loss in weight of acid shown in Table 5. 
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TABLE 5.— Measurements and weights of samples of 100 berries compared with percentage © 
total acid and actual acid by weight in samples of 100 berries, 1912. 


SANDUSKY, OHIO. 


Specific ' Total | Actual | Differ- 
Variety and laboratory number | Date an- ern Vplume Weishy agian Melero weight Toe 
of sample. alyzed. | weighed | berries. | berries. |extracted| 100 each 
in water. sample. | berries. | period.! 
Catawba: Ce. Grams. | Per cent.| Grams. Gram. 
3.15 Hoe ee Her ae 
2.60 4.75 —0. 46 
2.17 3.81 — .94 
2.01 4.00 + .19 
1.64 3.24 — .7%6 
1.55 3.41 + .17 
1.47 3.28 — .13 
1.30 3.03 — .25 
1.27 2.72 — .31 
1.21 2.89 + .17 
1.17 2.76 — .13 
1.83 OAS eee e oe Se 
1.42 3.60 — .83 
1.31 3.17 — .43 
1.16 2.98 — .19 
1.06 2.75 — .23 
1.01 2.63 — .12 
1.05 ‘2.68 + .05 
- 96 2.50 — .18 
-95 2.42 — .08 
-91 2.18 — .24 
- 93 2.28 + .10 
Concord: 
ODS2is aah cp erosih eee ewe wee eels Aug. 2 1.053 227.6 240.3 2.20 BEA es See eae 
DOS EL. eiiseee set ns meee eee Aug. 7 1.059 245.6 259.7 1.68 4.36 —0.93 
Ra aS Se Sone Se ame ee Aug. 13 1. 062 231.4 245.8 1.28 3.15 —1.21 
BOD oenislos Some ee ee cae ae Aug. 21 1.074 258.2 277.2 - 98 2.72 — .43 
SHO00 2 eae Bee hae ee On Aug. 30 1.076 247.3 266.0 85 2.26 — .46 
Delaware: 
BOSS get Pees a. eh Ae te Aug. 2 1.073 94.4 101. 4 (2) S (2) 
rata) Regan ea (Dh eae YE Aug. 7 1.087 117.6 127.9 $3 2) (2) 
EL ON Be ASN RD EN Ws Aug. 13 | 1.094 121.7 133.1 (2 O) (2) 
R505 MERE cere er Suey a Aug. 21| 1.106 125.2 138.6 (2) (2 (2) 
CTT RGR UENO UN Aug. 30] 1.114 116.2 129.4 (2) (2) (2) 


1 Total loss in weight of acid in 100 berries: Catawba, 2.45 grams; Concord (Sandusky), 2.15 grams; Con- 
cord (Charlottesville), 3.03 grams. 
2 Data not complete. 


ANALYTICAL RESULTS ON THE WHOLE FRUIT SAMPLES. 


The data on the examinations made of whole-fruit samples are 
given in Table 6. ‘These figures are necessarily percentages of the 
weighed fruit sample. Therefore, for the purpose of comparison, 
the results for sugar and acid of the juice samples given in Table 1 
are calculated to percentages and these data for both juice and whcle 
fruit samples are brought together in Table 7. 
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SUGAR AND ACID IN GRAPES DURING RIPENING. 27 


In Table 6 it will be seen that the water-extract sample was used 
_ for a partial ash analysis as well as for the organic work. The pur- 
pose in view was to ascertain whether the thorough extraction in 
boiling water to which the fruit was subjected would yield an ash 
which gave alkalinities like or different from the whole fruit when 
burned. Several analyses were made to ascertain the comparative 
content of phosphoric acid in the extract and in the whole fruit. 
The results differ so widely, both for alkalinities and phosphoric acid, 
that they do not support each other; that is, if the organic salts were 
calculated from the alkalinities of the whole fruit ashed, this would 
give results differing so widely as to be impossible of explanation, 
thus raising the question of correct methods of treating the sample. 
From careful checks made of our methods, however, by use of syn- 
thetic solutions the authors are convinced of the reliability of the 
results given by the water-extraction sample. It is possible that 
in ashing the whole fruit it was heated in such manner as to lose a 
portion of the alkali carbonates. The discrepancy is more marked 
as the fruit matures. 

The fact that the attempt to determine chlorin in the water- 
extract sample gave results entirely too high has been noted in 
another section. The results for chlorin in the ashed samples are 
reasonably constant and have an important bearing on the occurrence 
of this element in supposedly sophisticated grape products, which 
will be discussed in a report on the experimental wines. 

The results for potassium, sodium, calcium, and magnesium oxids 
are presented simply as data on the ash composition of pure and 
adulterated grape products, the application of which must await 
further investigation. 


COMPARISON OF RESULTS ON JUICE AND WHOLE-FRUIT SAMPLES. 


The results for the organic elements and the acid salts in the whole 
fruit samples are more Feadity compared from Table 7. 

_ The figures given in this table are percentage results for weighed 
samples ae whole fruit and percentage results for the 1912 juice 
samples calculated from Table 1. It will be noted that the results 
for sugar as a soluble constituent are noticeably less on the whole 
fruit samples. This is explained by the fact that the seeds, skins, 
and woody fiber of the fruit is a part of the whole-fruit sample, and 
results in lowering the percentage content of sugar because the juice 
extracted by pressure always carries a greater percentage of sugar 
than is found in the residue left as marc or pomace. 
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TABLE 7.—Comparison of sugar and acid content of juice samples and whole-fruit samples’ 
for 1912, compiled from Tables 1 and 6. (Hartmann, Eoff, and Ingle, analysts.) 
| Results in per cent.]} 


SAMPLES FROM SANDUSKY, OHIO. 


Totalacid Fixed Tartaric 

= Sugar as as tar. |Lotaltar-| Free tar- | acid other] Cream of | acid to 

Variety and 2 invert. faric, atic acid.) taricacid.| than tar-| tartar. | alkaline 

laboratory i ‘ taric. earths. 

number of By 

Serueler a oS = s/#}]o/l#8i}] ale} c}8]o]/#8 ]6]H8 

#2 g Ie SOR etc ei ce. |e eee ey i ce en ene 

A 0 = nN mia n= Peel tah par =e fee Sb SIS EN Me 

Concord 

Be aioe 4] 8.19} 7.23] 1.82] 1.83] 0.89] 0.82] 0.45] 0.16] 1.15] 1.34] 0.48] 0.73] 0.06] 0.09 
, Pe ee eee 9 | 9.48] 8.52] 1.42] 1.42} .79| .68] .42] .10| .81| 1.05] .42] 66] 04] 14+ 
Bota. 2. |}Sept- 12 | 10.72] 9.82) 1.24) 1.31] 68 .86| 30] 14.75] 8] 39] 74] 07] 13 
36t3--------|\Sept. 17 | 11.44] 10.49] 1.08] 1.16] .68| .71] .25] .03} .61] .80| .47| .71| .05] .12 
SAG iad Sept. 24 | 13.28] 12.58] 1.00] 1.06) .72| .68| .21] .00) .53| .69| .56| .78| .07| .07 


1; 13.85) 12.43; .95] 1.01) .72) .76) .17) .03) .51) .62| .58) .75) .09|} .14 
7 | 14.78) 14.03) .92) 1.05) .69) .74) .12) .00) .51) .62) .63) .91) .07) .02 


DVigil tauea| ie .88| 96] .64| .77] .04] .00] .54| .56] .72| .91! .05] .05 
. 23 | 14.77] 13.05] .87| 195] 62] .75] .00/ .00| .52| .55| .76| .88| .01| .05 
Boer 77 7722/|}Oct. 30 | 14.91] 13.90] 87] 91] 69] 79] .08] 00) .47|.48| .69) 921.07) .06 
3B ccs |pNov- 4 | 14-50] 10.65] .88] 93) .82| 91] 16] .03) .39| .47| .77] .98| .05) . 10 
Catawba 

3605--------l\Sept. 4] 3.48) 3.29] 3.56) 3.15] 1.16] .90] .76| .40| 2.60| 2.50] .38] .46| 10] .15 
a6i0.-------|\Sept. 9 | 6.41] 5.71] 2.90] 2.60] 1.04) .86| 62] .29| 2.07] 2.02) .39| .52| .10| 16 
a6td--+-----|\sept. 12 | 8.80] 8.07] 2.36] 2.17] 86.99] 43] .34] 1.71] 1.51] .44) 63] .08| 15 
3607--------/\Sept. 17 | 9.85] 8.51] 2.01] 2.01] 85] .77| .45] .14] 1.37] 1.55) .43] 59] .07| .15 
set aes \sept. 24 | 10.72| 9.64] 1.65] 1.64) .69| .72| .19| .06] 1.21] 1.24) .50| .66) .10| .15 
1| 12.01] 11.02! 4.54] 1.55] .75| .71| .29| .06] 1.01] 1.18] .51| .63| 06] .15 - 
7 | 12.93] 11.72] 1.43] 1.47] .75] .78] .22] .06] .96] 1.05] .57| .75| .08| .13 
eee Ceol HUET PRN 1,25] 1.30]. 73) .85| fai) <46) 77/279] 57] (val .06|” . 12 
Pee 23 | 14.01] 13.26] 1.19] 1.27] .60] .75| .07| .07| -85| .86| 55) .72) 09] 11 
Speman yO 30 | 15.31] 13.81] 1.13] 1.21] .70| .79} .21] .06| .68| .79| .53| .77| .05) .13 
aoe tr “itt | PNov: 4 | 15.54] 11.61] 1.19] 1.17] .78] .84| .21] .17| .69] .67| .66| .80| .05| .06 

SAMPLES FROM CHARLOTTESVILLE, VA. 

Concord: 

oon. 72 |}Aug. 2| 4.96] 5.56) 2.37] 2.20] 1.15] 1.22] 0.39] 0.52] 1.59) 1.33] 0.84] 0.73] 0. 10] 0. 12 
pee ese Ure 7 | 9.05] 7.83| 1.79] 1.68] 1.01| 1.04] .36] .28} 1.10| 1.03] .70| .79| .08| .13 
3592--------[LAug. 13 | 10.40| 9.75] 1.24] 1.28] .82) .87| .15] .06| .75| .81] .70| .85| -11) 14 
3090--------|LAug. 21 | 12.70] 11.83) .87| 98] .67| .83| .00] .00] .51| .52| .84] 1.00] .00/ .03 
Pde aan Nees 14.22] 12.67| .75| .85| .72| .87| .02| .07| .33| .38] .79| .92| .07| .07 


1 While the juice and whole-fruit samples for each date are portions of one original field sample, they are 
necessarily given different numbersin therecord. In this table both numbers are entered; the first in each 
ease is the juice sample and the second is the whole-fruit sample. , * 
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; INTRODUCTION. 


Experiments with cereals have been conducted cooperatively since 
1904 at College Park, Md., by the Maryland Agricultural Experiment 
Station and the Office of Cereal Investigations.1. Similar experiments 
have been conducted by the Office of Cereal Investigations on the 
Arlington Farm, Rosslyn, Va., since 1907.2 These experiments have 
consisted mainly of varietal tests and extensive breeding operations 
with the most important winter cereals. This bulletin is for the 


_ most part a report of the varietal tests. The varietal testing has 


1The preliminary cereal work conducted at College Park, Md., prior to 1907 was under the supervision 
of Mr. Mark Alfred Carleton, Cerealist of the Bureau of Plant Industry. Mr. H. A. Miller, a scientific 
assistant in the Office of Cereal Investigations, wasin immediate charge. On October 1, 1907, when cooper- 
ative cereal investigations were begun with the Maryland station , Mr. V. M. Shoesmith, then agronomist 
at the station, was made collaborator. From the time of Mr. Shoesmith’s resignation on January 1, 1908, 
Mr. C. W. Nash, assistant agronomist at the station, acted as collaborator to September 1, 1909. On the 
latter date Mr. N. Schmitz was appointed agronomist of the Maryland station, since which time he has 
been collaborator. 
2The Arlington Farm is located in Virginia on the southern bank of the Potomac River, just opposite 
and to the west of the city of Washington, D.C. The experimental work with cereals has been under the 
direction of the men in charge of wheat, oat, and barley investigations in the Office of Cereal Investigations. 
From 1907 to 1912 Mr. H. B. Derr supervised the work with barley and wheat at the Arlington Farm. Since 
that time the work with these cereals has been in charge of Drs. H. V. Harlan and C. E. Leighty, respec- 
tively. Mr. C. W. Warburton has been in charge of the work with oats during practically the entire period. 
During the summer of 1908 Mr. T. B. Mackall assisted with the work at Arlington Farm; in the summers 
of 1909 and 1910 Mr. O. H. Saunders rendered similar service. The writer was appointed agent in the 
_ Office of Cereal Investigations on April 17, 1911, and scientific assistant in the same office on May 17, 1912, 
_ Hehas had direct charge of the work at Arlington Farm since the former date. 
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been confined largely to winter wheat, oats, and barley, although 
tests of several minor cereals, including winter rye, spelt, and emmer 
also have been conducted. In addition, some investigations have 
been conducted on the Arlington Farm with grain sorghum, buck- 
wheat, proso, and spring varieties of wheat, oats, and barley. A pre- 
liminary report covering a portion of the cooperative cereal investi- 
gations at College Park was published in 1910.1 In this bulletin a 
complete presentation of the work at College Park and at Arlington 
is made and such conclusions drawn as the results appear to warrant. 


CEREAL PRODUCTION IN MARYLAND AND VIRGINIA. 


The early history of the cultivation and production of cereal crops 
in Maryland and Virginia is quite meager, but it is known that their 
culture went hand in hand with the settlement of these colonies. In 
the. report of the United 
States Commissioner of Ag- 
riculture for the year 1872,” 
the following statements are 
made regarding the early 
history of the culture of ce- 
reals in the thirteen original 
States: 


Wheat was first sown by Gos- 
wold on Cuttyhunk, one of the 
Elizabeth Islands, in Buzzard’s 
Fia. 1.—Sketch map showing the areas in the eastern United Bay, as early as 1602, when he first 


States to which this bulletin applies. In the heavily explored the coast. In Virginia 
shaded portion the results are generally applicable. Cer- the first wheat appears to hae 
tain of the results are applicable in some parts of the é 3 
lightly shaded portion, while other results are applicable been sown in 1611, and its culture 
in other parts. continued to increase there till, in 


1648, it is recorded that there 
were several hundred acres of it. But it soon after fell into great disrepute as a staple 
crop, as the culture of tobacco was found to pay agreat deal better. For more thana 
hundred years after it was but little cultivated in that colony. 

But though the cultivation of wheat was begun almost simultaneously with the 
settlement of the several colonies, it did not attract very great attention for more than 
a century, Indian corn and, later, potatoes being relied upon for food to a much greater 
extent. ... It is a matter of history that there never was a time in the eastern 
colonies when it was a sure and reliable crop, unless it be so now with our improved 
modes of culture and our better knowledge of the proper modes of tillage, deep plow- 
ing, and thorough drainage. 

Rye and barley were also introduced and cultivated by the early settlers, and it 
soon became the almost universal practice to mix the meal of the former with Indian 
meal in the making of bread. It is known to have been the custom as early as 1648, 
and probably it began at a considerably earlier date, perhaps as early as 1630. Oats 
were also introduced at the same time with rye. Capt. Goswold raised them with 
other grains on one of the Elizabeth Islands, on the southern coast of Massachusetts, 
in 1602, Though much more extensively grown than rye, they appear to have been 
used chiefly as food for animals. ; 


1 Schmitz, Nickolas. Wheat—variety tests and diseases. Md. Agr. Exp. Sta. Bul. 147, p. 33-45. 1910, 
%Flint,C.L. A hundred years of progress. In U.S, Com. Agr. Rpt., 1872, p. 280. 1874, 
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While it is known that these crops were grown in Virginia and 
Maryland since early colonial days, they did not come into prominence 
until the last half of the nineteenth century, when the invention of the 
‘thrashing machine and the self-binder greatly stimulated their pro- 
duction. To-day Virginia and Maryland are not great grain-produc- 
ing sections as compared with the North-Central States, yet wheat, 
‘oats, barley, and rye are grown to a greater or lesser extent through- 
out these and adjoiing States. Of the small grains, winter wheat 
has always been foremost in importance; in fact, its annual produc- 
tion is many times greater than that of all others combined. 

During the 10-year period from 1905 to 1914, inclusive, the acreage 
and production of wheat in Maryland and Virginia have remained 
about stationary. The average production for the former State has 
been about 11,000,000 bushels, and for the latter about 9,000,000 
bushels. The acreage in wheat in the two States, however, has been 
about thesame. The fact that the average yield per acre for Virginia 
_ has been only slightly more than 12 bushels, as compared with about 
16.5 bushels for Maryland, accounts for the greater production in the 
: latter State. 
_ During the same period the relative importance of oats, rye, and 
_ barley has been in the order named. Rye is grown entirely as a fall- 
_ sown crop, while oats and barley are grown from both spring and fall 

seeding. 
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PHYSICAL FACTORS. 


Information with regard to the physical factors which may influ- 

ence crop experiments is desirable for the interpretation of results. 

- For that reason data are given on the soil and climatic conditions at 
College Park and at Arlington Farm. 


SOILS. 


- The soil of that particular portion of the Maryland Agricultural 
_ Experiment Station farm on which the experiments here reported 
_ were conducted is classed by the United States Bureau of Soils as 
Sassafras sandy loam. It is a medium to fine brown sandy loam of 
‘sedimentary origin, with an average depth of about 10 mches. The 
subsoil consists of a slightly sandy or rather heavy yellow loam, 
usually 5 or more feet in depth. The subsoil is more retentive of 
water than is usual in this type of soil, so that this section is for the. 
most part poorly dramed. This general soil type is not difficult to 
cultivate and responds well to good treatment. It is well suited to 
grain growing. | 
_ The soil of the Arlington Farm consists of a very heavy clay loam, 
_ yellow to brown in color, ranging from 4 to 10 inches in depth. It is 
underlain by a stiff, plastic, red, gray, or purplish clay subsoil of 


ee ee ee 
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variable depth. It is known locally as brick clay. The general soil — 


type im its natural condition is difficult to cultivate. The extensive 


and continued use of green-manuring crops, commercial fertilizers, | 


and lime, with the installation of a complete system of tile drainage, 
has greatly improved its physical condition as well as eliminated to 
a large degree the lack of uniformity in productiveness. The texture 
has been improved, thus rendering it easier to cultivate and more 
congenial to plant growth. This soil probably would be classed as 
Susquehanna clay, a type that usually is not well adapted to grain 
erowing. : 
CLIMATIC CONDITIONS. 


Rainfall in the eastern half of the United States is not usually an 


important limiting factor in crop production. Other general phys- - 
ical phenomena, such as wind and evaporation, also are not of great 


importance; consequently they are not used so much as an index to 
crop production as in the semiarid areas. Soil fertility is one of the 
‘most important factors in crop production throughout all the older 
agricultural regions in the eastern United States. | 

The most serious climatic condition encountered in the experi- 
mental work with cereals at College Park and Arlington has been 
the occurrence of hot, humid, showery weather during the ripening 
period, causing the rapid development of rust, scab, and other dis- 
eases. This has been more particularly true with reference to winter 
wheat, as winter oats and barley usually escape because of earlier 
maturity. In some years short periods of drought undoubtedly affect 
these crops, but in general they are not of serious consequence. 

In the pages which follow, data are given on the rainfall and tem- 
perature for the period from 1905 to 1914. ‘These data were recorded 
at the Weather Bureau station in Washington, D. C., about 10 miles 
west of College Park and about 2 miles north of the Arlington Farm. 


RAINFALL. | 


The annual and average precipitation by months at Washington, 
D. C., for the 10 crop years from July, 1904, to June, 1914, inclusive, 
are shown in Table I. Weather data are now recorded at Arlington 
Farm, but as these data are available only since October, 1910, it 
was deemed advisable to use the data in full from the Weather 
Bureau station in Washington. 

The average annual precipitation at Washington for the 10 crop 
years from July, 1904, to June, 1914, inclusive, as shown in Table I, 
was 42.33 inches. For this period the maximum annual precipi- 


tation was 53.47 inches (1906-7), and the minimum, 33.22 inches 


(1910-11). 


Table I shows that August is usually the wettest month, while 


November is the driest. The average annual precipitation at College 
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ark is about 4 inches less than at Washington. Considerable 
variation in the monthly distribution at the two points also occurs. 
ABLE I.— Monthly and average precipitation at Washington, D. C., for the ten 12-month 


periods (crop years) from July, 1904, to June, 1914, inclusive, with the total and monthly 
average for each period. 


[Data (in inches) from the records of the United States Weather Bureau.] 


Month. 1904 | 1905 | 1906 | 1907 | 1908 | 1909 | 1910 | 1911 | 1912 | 1913 mee 
ee 6.25} 9.95] 6.80] 1.55| 3.29] 1.80] 3.73] 4.47] 7.21] 3.24] 4.83 
August....... 9.97| 9.75] 14.36] 4.34] 5.14| 2.27] 1.96] 7.27] 1.50] 5.42] 5.43 
 September....| 5.34] 2.34 260) 7.15) 4.65 )).98:42|) 2:15. 2.03] 5.861 2.411 3.60 
 October...... Sao | 280 Si |—) 2.12)) e170 79| 5.74] 4.07 .65| 3.37] 2.88 
November....| 2.20] 1.03] 1.63] 4.16 60 .89| 2.28] 3.85| 1.54] 2.20] 2.04 
December....| 3.33] 5.39] 3.23] 420] 3.63| 3.39] 2.64] 3.34] 412] 2.29] 3.56 
1905 | 1906 | 1907 | 1908 | 1909 } 1910 | 1911 | 1912 | 1913 | 1914 
January...... 3.59| 3.11] 2.54] 3.45| 2.84] 4.39] 2.92] 2.82] 2.85] 4.60] 3.31 
February...-. Pesnileem Onis eo. Site 3098 |) 3. 1120" 1.92) | 2)'704) 4837 | "3505 |) 2153 
March........ 331) 462] 2.79) 2.45| .4.76 B57, (eso Sl, nGa Lae 2 Ax67a| 200 74lmga39 
Mpril:....:.- 2.69] 3.03] 3.61] 1.60] 2.69] 5.89] 2.85] 2.33] 5.86] 3.20] 3.38 
erie futte 3.22| 1.80] 5.03} 6.10| 3.77] 3.43 387 || 4.84]. 4.55 |r ae72)" 3.53 
Mitie. 0. =. 4.52] 5.89| 4.86| 1.73] 3.82] 477| 4.55] 4.36] 1.81] 2.32] 3.86 
Total...| 42.32] 51.35] 53.47] 42.83] 40.01 | 33.81 | 33.22| 48.22] 41.99] 36.09 | 42.33 
TEMPERATURE. 


_ A summary of the mean, maximum, and minimum temperatures 
for the 10 crop years from July, 1904, to June, 1914, inclusive, at 


. Washington, D. C., is presented in Table II. 
; 


Taste I—Annual and average mean, maximum, and minimum temperatures, by 
— months, at Washington, D. C., for the ten 12-month periods (crop years) from July, 
1904, to June, 1914, inclusive, with the annual mean and absolute maximum for each 


crop year. 
4 [Data (in °F.) from the records of the United States Weather Bureau.] 
1905 1906 1907 1908 
Hie) 3 /e)a| 3181412 leis 
2l/sa]/2/alal|a /al/a/ a l/ala 

95 | 60 | 75.2 | 91 | 56 | 75.8 | 93 | 52 | 78.0 | 99 | 57 

90 | 52 | 76.4 | 94 | 62 | 72 4 | 91 | 55 | 73.2] 95] 52 

88 | 41 | 72.9 | 94 | 50 | 69.4 | 91 | 43 | 66.6] 86] 41 

88 | 33 | 56.9 | 82 | 31 | 52.0} 81 | 30 | 58.2 | 86] 34 

73 | 20 | 47.8) 75 | 30 | 44.5 | 65 |. 24 | 46.0) 72] 19 

59 | 18 | 37.0 | 69 | 13 | 38.1 | 68 | 19 | 37.0 | 69 | 18 
1906 1907 1908 1909 

71 | 11 | 37.2 | 76 | 10 | 34.2 | 58 | 11 | 36.0) 61 | 13 

64 | 7 | 30.2] 58} 3 | 3058 | 67 | 6 | 43.0] 70-} 17 

62 | 18 | 48.8 | 93 | 22 | 47.4 | 80 | 25 | 42.1) 75 | 26 

87 | 27 | 48.4 | 83 | 23 | 56.4 | 87 | 29 | 54.2] 88 | 26 

92 | 33 | 59.2 | 85 | 39 | 65.3 | 92 | 39 | 64.4 | 90 | 36 

95 | 53 | 65.9 | 89 | 48 | 71.8 | 97 | 52 | 73.4 | 94} 51 
pais |e 54.7 |.---|----] 54.8 ofa. |P90. Oi) = 

aie beet SBSes -| -2ce24]) Cees) sees se peeel eest al | Aal eees 

ee FC saat] Seale Ham (Saeed) ie Na ol ate We HG 
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TasLe II.—Annual and average mean, maximum, and minimum temperatures, by- 
months, at Washington, D. C.—Continued. 


1909 1910 1911 1912 1913 Average. 
Month. ; 
g : 6 q < q : o q ; q : 6 =| . 
S/Si/S|SiSIS/S (81/8/18 (SIS S/SlE18 | S18 
Peete mn remem -ilemsrrerer ben (ents hey belies 
Mayet cee 74.7 | 96 | 53 |77-6 | 95 | 57 78.7 | 99 | 56 {75.8 | 94 | 60 [77.6 | 97 | 58 |76.4 |95.1 (56.6 
August......... 73.0 | 96 | 53 {73.8 | 90 | 58 {76.6 100 | 54 |73.4 | 92 | 53 |74.2 | 97 | 54 |73.9 [93.7 |54.5 
Septémber...... 66.4 | 84 | 42 |71.0 | 94 | 48 |70.4 | 89 | 46 {70.4 | 94 | 42 |67.4 | 93 | 40 |69.0 (90.3 [42.9 
October......... 53.1 | 80 | 31 160.2 | 90 | 31 157.2 |.80 | 38 159.3 | 87 | 36 158.8 | 77 | 35 !56.7 183.7 [32.7 
November...... 50.8 | 77 | 29 |41.4 | 66 | 23 42.8 | 70 | 22 |46.9 | 77 | 25 (47.8 | 76 | 28 145.6 |71.9 (24.5 
December....-.. 31.8] 66| 8 [30.5 | 62) 8 |41.0 | 67 | 22 (40.0 | 73 | 19 (40.4 | 66 | 24 [36.4 [65.9 [15.5 
1910 1911 1912 1913 1914 
a 
January.......-- 33.7 | 58 | 11 138.2 | 68 | 15 [25.0 | 58 |-13 [43.6 | 68 | 24 38.6 | 72| 7 [35.6 |65.5 | 8.7 
February.....-..|34.7 | 68 | 8 [37.0 | 68 | 21 31.0| 56| 7 (36.4 | 68 | 13 [30.1 | 59 |—1 [33.4 |62.7 | 8.5 
arch..!..0.... 51.2 | 86 | 26 |41.0 | 75 | 14 40.9 | 76 | 18 149.0] 77 | 17 [29.4 | 75 | 15 [43.2 |77.9 |19.5 
Npril eds ee o 57.9 | 92 | 37 [51.2 | 80 | 26 [5516 | 81 | 31 (55.4 | 86 | 32 (53.5 | 86 | 28 [54.2 [85.2 [28.8 
Mayo nts 61.5 | 87 | 39 |70.0 | 96 | 37 |65.1 | 90 | 41 (64.4 | 90 | 37 [67.0 | 95 | 41 [64.7 |90.4 [38.3 
uae hace ae 69.7 | 94 |-45 {73.0 |101 | 56 {70.4 | 93 | 45 172.8 | 96 | 45 |75.9 | 98 | 56 [71.8 95.0 |49.8 
Annual: 
Mean....... 54,9 aecles Beda Plea Bab Gules. | tye B7i3 ue W aielneih beesllenetngat (her: ges 
‘Maximum __|..... OG) foal ae 10% ts ole we WTO. ase Ih ot 66 | Stabe Beale celeste ee 
Minimum.._|.___. ae ei eee ree e ond er (ata iS ravage es Sy tgece sn oe 


Table II shows that the highest average mean temperatures have 
been recorded in July and the lowest average means in February. 
The average mean temperature for the 10 crop years was 55.1° F. 
The variation from this average has been slight, the warmest. crop 
year having an annual mean of 57.3° and the coolest 52.9°. During 
the 10 years the absolute maximum has exceeded 100° F. only once, 
and the absolute minimum has fallen below zero in only three years. 
The lowest temperature recorded during the period was in January, 
1912, —13° F. The annual mean temperatures at College Park are 
almost invariably 1 degree lower than at Washington. 


NATURE OF THE EXPERIMENTS. 


The primary object in all the varietal tests at College Park and 
Arlmgton Farm has been to determine the relative yieldmg power of 
the different varieties. Attempts have been made also to improve 
the yield, quality of grain, and other important characters in some 
of the leading varieties by both mass and pure-line selection. The 
production of new varieties by hybridization also has been attempted. 
The work done along these latter lines has been too extensive to per- 
mit presentation within the limits of this bulletin. 

Nursery experiments in which each variety is grown m short rows 
of uniform length, row space, and rate of seeding are also conducted, 
in addition to the regular varietal tests in field plats. The usual pro- 
cedure has been that if a new variety is especially promismg m the 
nursery it is advanced to the field-plat tests as soon as sufficient seed 
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| is available. If a variety fails to give evidence of superior merit or 


“a 


adaptability after repeated trials in nursery rows, it is usually dis- 


_ earded, although sometimes it is retained for some character that may 
be of value for breeding purposes. 


Many hundreds of varieties and strains from various sources have 


been tested in the nursery. These have included importations from 
many foreign countries, new and untried sorts, and numerous local 


varieties. After several trials in nursery rows most of them have 


failed to warrant more extensive tests. Only a small proportion has 
_ been grown. in the plats. 


The plat tests at College Park have included 107 varieties and 


strains of winter wheat, 13 of winter oats, 12 of winter barley, and 


several each of winter spelt and emmer. At Arlington Farm they 
have included 48 varieties and strains of winter wheat, 19 of winter 
oats, 56 of winter barley, 12 of winter rye, and 6 of winter spelt and 
emmer. A rate-of-seeding test with wheat has also been conducted 


at Arlington. With some of these cereals the varietal trials have not 
been of sufficient duration to be conclusive. With others some very 
reliable results have been obtained. In general, those varieties that 
were discarded, more especially those that were grown only two or 


three years, were mixtures of some of the varieties already in the 
tests or were decidedly inferior in some character or characters. 
During the period of crop growth, rather complete notes are taken 
on the different varieties. The date of seeding, rate of seeding, date 
of emergence, and stand usually constitute the data recorded in the 
autumn. In the spring the winter survival (estimated), dates of head- 
ing, ripening, and harvesting, the percentage of smut and rust infec- 
tion and of lodging, and the average height of plants are recorded. 
At harvest time samples of the heads and of the whole plants are taken 


_and stored for reference and study. 


A small separator, especially designed for the purpose, is used in 


thrashing. The total weight of the crop is obtained just before 
thrashing, and the weight of the thrashed grain immediately there- 


after. After thrashing, the grain is fanned and the weight per bushel 


determined. ‘The yield per acre in bushels is figured at the standard 
weight per bushel for each crop. 


CONDITIONS OF THE PLAT EXPERIMENTS. 


DIMENSIONS. 


At College Park the varietal tests have been conducted almost 


_ exclusively on twentieth-acre plats (104 feet by 208 feet). They lie 
im series running north and south, with 18-inch alleys between the 


plats in the series. The roadways dividing the series (or fields, as 


_ they are called at the Maryland station) are 164 feet in width. 


4 


- E 
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At Arlington also most of the field tests have been conducted on. 
twentieth-acre plats (164 feet by 132 feet). During the earlier years 
of the work tenth-acre plats (33 feet by 132 feet), and also a few 
fortieth-acre plats (84 feet by 132 feet), were used. These plats also 
he in series running north and south, with 18-inch alleys between the 
plats within the series. The series are separated by roadways 194 


feet in width. 
TREATMENT AND CROPPING OF PLATS. 


/ 

The cereal experiments at Arlington Farm have been conducted 
on land that is undergoing a system of soil renovation by the use of 
ereen-manure crops, stable manure, commercial fertilizers, and lime. 
Sufficient acreage has been available to allow the alternation of the 
cereals with other crops. By this method the mixing of varieties’ 
from volunteer plants is avoided, and there is opportunity to carry 
out the general scheme of soil improvement. In general, the cereals 
have followed crops of cowpeas or soy beans plowed under in late 
August or early September. This is usually the third green-manure 
crop to be plowed under during the 15 months that elapse between | 
the two grain crops, as the latter are always immediately followed as 
well as preceded by cowpeas or soy beans with a crop of winter rye 
between the two legume crops. 

In addition, a top-dressing of about 10 tons of stable manure per 
acre is applied to the rye durmg the wmter. At seeding time 200 
pounds of acid phosphate, contaming about 14 per cent of phos- 
phoric acid, are applied. | 

Immediately after plowimg the plats are worked down with the 
disk and acme harrows and allowed to remain until seeding time, 

when a good seed bed is usually obtained by double disking and 
harrowing. 

The seeding is done with an 8-foot single-disk drill. The disks 
are 8 inches apart, with no chains or other leveling or compacting 
device attached. After seeding, the plats receive no further treat- 
ment, except that just prior to harvesting they are rogued in order 
to keep the varieties as free as possible from mixtures. The har- 
vesting is done with an ordinary grain binder. The bundles are 
shocked, placing from 12 to 14 in a shock, and are allowed to stand 
in the field until stored or thrashed. The grain in the shock usually 
is protected from birds and the weather by canvas shock covers. 

The small-grain crops at College Park are included in a more or 
less definite rotation, in which no hay or grass crop is used. The 
scheme has been to grow corn two years, followed by wheat or other 
small grains two years, with supplementary crops of crimson clover 
and cowpeas for green-manuring purposes. 

Manure and commercial fertilizers also are used to maintain the 
soil fertility. The former is used on the corn crop, while the latter 


: . 
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always is applied to the small-grain crop. At seeding time from 300 
to 400 pounds per acre of the following mixture are applied: 


Pounds. 
merdeohosphate (4 per Cent): <2... Poi adee esc one Vo Se ene 1, 400 
DRIAL OO las ys Mea chia"... . tteieietadtie winigthiiaie ee Sinlaa'si bee 200 
TORE SS oe BS Oe pel SIR SS = 2 eS 300 
meter MEO NO OS Sere ee eet ue Syi = = R RES oa whee wel alineiniges o= 100 


This fertilizer analyzes approximately 9 to 10 per cent phosphoric 
acid, 5 per cent potash, and 2 per cent nitrogen. It is applied just 
before seeding by drilling it across the plats. By this method a more 
nearly even distribution of the fertilizer is secured, thus greatly 
reducing the chances of experimental error. 

The plats are prepared for seeding in much the same manner as 
those at Arlington Farm. The seeding, harvesting, and thrashing 
operations also are quite similar. A hoe drill having 9 hoes 7 inches 
apart is used in seeding the plats. 


EXPERIMENTS WITH WINTER WHEAT. 
VARIETAL TESTS. 


The varietal tests of wheat conducted at College Park and Arling- 
ton Farm have been confined entirely to winter varieties. Since 
winter wheat is by far the most important and widely grown small- 

grain crop in Maryland and Virginia, naturally it has received the 
most attention in these experiments. It is well known that spring 

wheat can not be grown successfully in the Middle Atlantic States. 
Attempts to grow it have been made by experimenters and by farmers, 
but never with any real success. 


DATA ON YIELDS. 


- The annual and average yields per acre, in bushels of 60 pounds, for 
the varieties tested at College Park from 1908 to 1914, inclusive, and 
at Arlington from 1910 to 1914, inclusive, are presented in Table IT. 
A few varieties were grown in field plats at Arlington in 1909, but 
the results were very unsatisfactory, because of nonuniform soil con- 
ditions and injury by birds. It was deemed best therefore not to 
include them in the table, as they are not at all comparable to those 
obtained in succeeding years. 

The varieties shown in Table III have been sown at the rate of 6 
pecks per acre each year except in 1908 and 1909, when rates of 
5 and 64 pecks, respectively, were used at College Park. The date 
of seeding also has been quite uniform, ranging from October 5 to 
15. At each point all the varieties usually are sown within a period - 

_ of two or three days each year. 

The 82 varieties and strains shown in the Maryland section of the 
table have been grown for periods of 2 to 7 years at College Park. 
In the fall of 1908, after one year’s results had been obtained, 25 

12493°—Bull, 336—16——2 
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varieties were discontinued.1 These do not appear in Table IIT. 
During the following years 40 additional varieties were discontinued 
and 20 new ones added. 


TasiLe III.—Annual and average yields of varieties of winter wheat grown at the Maryland 
Agricultural Experiment Station (College Park) and at Arlington Farm, Va., for the 


years stated. 


COLLEGE PARK (82 VARIETIES). — 


Mary- Yield per acre (bushels). 
Cc I land 
Group and variety. No.2} sta | 
“| tien | 1993 | 1909 | 1910 | 1911 | 1912 | 1913 | 1914 | AVer 
No. ‘ age. 
SOFT RED WINTER. 
Awned, glumes glabrous, white: 

Mammoth Red.............. 2008 |....-- 37.36 | 27.23 | 26.77 | 37.67 | 23.37 | 28.33 | 36.93 | 31.09 
Bearded Purple Straw.-...- AGT eee 32.93 | 27.13 | 29.17 | 39.87 | 24.13 | 24.67 | 38.77 | 30.95 
MurkishvAmberese cress see |e 195 | 33.10 | 25.67 | 29.83 | 34.80 | 24.53 | 23.43 | 39.43 | 30.11 
Lancasterssi iscsi eee ee G45) | ome 37. 88 | 24.57 | 27.27 | 35.90 | 25.40 | 24.37 | 34.83] 30.03 
Dietz (Dietz Longberry)--..-] 1981 |...... 25.07 | 28.87 | 28.27 | 39.80 | 23.40 | 22.10 | 38.63} 29.53 
TD YUVA Ep esa os Sak sae ey SOs eh 95 | 27.33 | 26.37 | 26.30 | 40.23 | 22.23 | 24.73 | 33.07 | 28.71 
Gipsy) 3. Su eee ee 199 | 34.23 | 19.57 | 32.57 | 38.43 | 17.93 | 24.17 | 29.37] 28.04 
Hishhheads. eee ees ee see IG eee 27.60 | 20.83 | 28.57 | 36.53 | 21.67 | 21.57 | 39.00} 27.97 
Wallevisis nent aa eae yan (ee eee 92 | 26.93 | 20.30 | 31.50 | 26.53 | 21.33 | 24.63 | 35.17 | 26.63 
Reliablec2ii:s iin ra eee eed 189 | 27.40 | 16.73 | 27.67 | 27.17 | 19.30 | 22.40 | 30.53 | 24.46 
Silver Sheaf (Jones Silver e 

Sheaf Longberry) 
Doubs. 2285 -ssseeeee 
RUG ys 22a e Pen eee ce oe 
Muleasterse aces cencsecesee 


Fuleaster (Acme)........... 
Stoner (Miracle)...........-- 


IBUGapes tae e=-ea eee eee 


Skappers sete ee eee 
Awned, glumes glabrous, brown: 
Mediterranean 


Red Giant (Velvet Red 
Giant) eee eee eee eee 
glumes pubescent, 
brown: 
Japanese Velvet Chaff. ...... 
Awnless, glumes glabrous, 
white: 


Jerseys HUltz 2 es cjeo22 = -eee 
Purplestrawseeese-- Hoare 
Frostproof May.....-.---..-. 
DiminuM = -4-5 e322 5 eee 


1§$chmitz, Nickolas. Wheat—variety tests and diseases. 


2 Cereal Investigations number. 


1975 |--...- 34.03 | 13.47 | 26.00 |....... 
DBT || zenee 34. 28 | 13.87 | 21.33 |......- 
fesse 84 | 32.28 | 18.08 | 29.66 | 31.51 
1980) |====-- 29. 20 | 18.73 | 26.90 } 30.90 
seeoce S10) UN BES} cellnesee| erase closace += 
sesc5< BiB} | S565-scllassseualass=sco|ssouses 
1915) | See ere 34.13 | 22.40 | 30.00 | 26.57 
2007 |.----- 22.27 | 21.73 | 33.47 | 27.40 
73s eee eas = 25 21.87 | 33.27 | 41.40 
HOST SE eens 22.41 | 23.33 | 26.70 |.-.---- 
1949) === 28xoo) LOR OW i eee eee 


Dt OFA! | EEL Obs 26. 69 


Md. Agr. Exp. Sta. Bul. 147, p. 33-45. 1910. 


3 Another variety having brown glumes is grown under this name. The one here reported appears to 


be identical with Fulcaster. 


4 Two strains of this yariety are grown. 
5 The parentage of this hybrid is stated on page 18. 
§ Average of 14, 19, 15, 12, 15, 13, and 13 check plats for the years 1908, 1909, 1910, 1911, 1912, 1913, and 


1914, respectively. 
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BLE ITT. B enical and average yields of varieties of winter wheat grown at the Maryland 
Agricultural Experiment Station (College Park) and at Arlington Farm, Va., for the 
years stated—Continued. 


COLLEGE PARK (82 VAR(ETIES)—Continued. 


Yield per acre (bushels). 


Group and variety. x, | Sta- 
No tion | yo98 | 1909 | 1910 | 1911 | 1912 | 1913 | 1914 | Aver 
No. i : : ; age. 
FT RED WINTER—Continued. 
glumes glabrous, 
no Don ene bSSeeeae cee See AeBeee 194 | 36.57 | 23.77 | 29.33 | 42.87 | 22.00 | 24.67 | 39.00 | 31.17 
Gurrell (Gasreil 12500) Lite) eee eee 89 | 30.10 | 23.07 | 28.60 | 41.43 | 20.20 | 22.10 | 41.87 | 9.262 
Red oe yeon (Royal Red 
35.50 | 20.60 | 25.87 | 36.67 | 28.92 


27.37 | 19.83 | 11.57 | 34.93 | 23.11 
23.10 | 18.43 | 15.00 | 31.00 | 21.88 
Beechwood (Beechwood Hy- 

PRON ORSU Ey are oa ec a= cof) (O04 oe - =. BES - = 2||5 Aaeace| POMOC ES SERees 22.67 | 36.73 | 29.70 
Se lol a eee 1993" |= 25532 38.26 | L780 28. 1340017 ).14500 eee tes =| 27.56 
Red Clawson (Barly Red : 

CIE SCD) SEU eee 12 ee ee 33-07 | 18.40 4 26.73 | 33.17 | 20.93 |--.----|--2---- 26. 46 
Michigan Amber...-...----.- IE aeses 35.43 | 14.'73))|929:40)|'30:20-)'15.50)|22 2222 -|2 22 one | 25.05 
Jones Red Chief (Jones | 

Early Red Chief) .......-- AGRA eas 26°40) | 21.78 28-57 | 25-94% | 21.03) 252 -15-a- 2 24. 54 

Beer Nar Sinisa eae Sa OTST eee ss. 20) | 14 ilnsas OONoos Gaile. salen meee alee |e o. oe 
VALVES CINE ae me fs 2 sence s-e 193 | 32.80 | 20.30 | 32.93 | 27.30 }.-.----|--. see ances 28. 33 
Red Chief (Early Red Chief) |.---.-- BDO aeons: |. cee 34253))|529. LON 24040) ee ale Sree Oo OL 
Arcadian (Early Arcadian)-.| 1749 |...--- eh) LOM Bete ae eee a) ee aiate [cree oe aera aor 17.74 
News HMOukiNOL 1022252 .co-)-scc24 O27 Ml ee Oe Meer — DONASY | (20.20 =. eee lacie =a sims) 27.32 
Rochester (Rochester Red)-.!------ SOD os sails’ ||+i- 6. ae eee aoe PA shor) ia Bava ty (| (a ta a be ae 20. 85 
wnhless, glumes pubescent, 
- white: 
Jones Winter Fife.......---- HOS3 aE s= taae 3fe23-| 16/6 30260 | 28203) 19°40) ooo seas es 26. 40 
WLS eS a ea Lie yay ee Sie, | LA GOa Raps 20) | 20200 lon oi. . |e soos eke ere 28. 28 
Dhcarinn is See eae TAT Ne see se Siero Ge s8: |) 2S Ri) Pins ieee Becdore Benneee 27.70 
r TES ot GY GG ee en eee SOLS | notes SE. O27); 1G SSimle ee oes seen oc tees oc [eae cme lee ree 25. 65 
SOFT WHITE OR AMBER WINTER. 
Awned, glumes glabrous, white: 
New Amber Longberry Rete | 1973 Sasece 34°92). | 18sapmWoleot | aie Or | lonO00n leo se a|seecle = 25. 60 
Oatka (Oatka Chief)..-..--- TORS) |e ecteoe| secs 2 WBeoses: DOES TAAOs 20" - cease [estate c|acoseme 35. 04 
Awned, glumes _ glabrous, 
: brown: } 
By. LOH UK Oleye crs sie a close eee B51 Seiad eee oll and ol ie ee ie 10.03 | 19.93 | 35.57 | 21.84 
Genesee ti (Early Gene- 
fee See: Giant)s).-.-..--------- 1744 Vo citar 29520) |} U7 BO RSs. LON 2470) AA, Ve ede lene ete 23.91 
Awned, eranne pubescent, white: 
eS 1942 |......| 39.41 | 20.63 | 27.87 | 43.73 | 15.50 | 25.10 | 34.67 | 29.56 
ae glumes pubescent, | 
_ brown 
Bearded Velvet Chaff... .... Z| Bearer Bds03)|, Lv GOs irae OO) | 14290 as cesar aa) ite ee 24. 88 
Awnless, glumes glabrous,white: 
Martin Amber.............- LOTAL os 35,5 28.67 | 16.67 | 33.73 | 27.17 | 9.33 | 23.00 | 31.67 | 24.32 
glumes glabrous, 


1The parentage of this hybrid is seed on page 18. 
2 Spring wheat grown from fall seeding. 
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Tase IIl.—Annual and average yields of varieties of winter wheat grown at the Maryland 
Agricultural Experiment Station (College Park) and at Arlington Farm, Va., for the 


years stated—Continued. 


ARLINGTON FARM, VA. (43 VARIETIES). 


“ Can 
Group and variety. Nae 
/ SOFT RED WINTER. 
Awned, glumes glabrous, white: 
amcas ter Ba So2 Sse iiies Heute eae Eee ee 1945 
Mammoth Red 2008 
Dietz (Due Longberry) 2 1981 
Ey brid’33 sea en oeee eaten oe eee peer 3608 
Bearded Purple Straw.....-.-..---------- 1911 
TT yr ioe ee re ee Barc csi peee seme e ete 3611 
Sitomer (Miracle) fey se ote e ae cee ee 2890 
ERY Did iS OW, a Gea Olek) pa Ey 3617 
Mishhea deco eP eee cree og tee ere 1732 
AE Bid FCG RCs singers ea ee oe ate ne pecs & 3612 
Silver Sheaf (Jones Silver Sheaf Long- 
DER) eee Sassy soe eer oe Cee ae ee 2496 
Puleaster/(Aeme):o 2a 252s. ogee eee nee 3115 
Awned, glumes glabrous, brown: 
Inlay, MIO DNNININ | 5 4 go55anesocesceanasee- 1930 
Missouri Bluestem........---....--..-..-- 1912 
ERY DPIC PhS en eee ee eee eee 3609 
IDOE heist eee eee eee 3614 
ID OYE Sem cays aan a eons See phase sala 3613 
Rocky Mountain.....-.....----.....-..-- 3638 
Similar to C. I. No. 3614...............--.. 3640 
Awned, glumes pubescent, white: 
JER oja(G beets Seabee he Rae ee oa aG 3616 
Wargimiai (hybrid) sae 22 see eee eee ee eee 3277 
Awnless, glumes glabrous, white: . 
Purple Sirawse whcth foe paep mune 1915 
CO iP ARM ge A a Pe ACR Meat ee BO} 1923 
PurpleiStraw- Sra. ta ctor eee ae 1957 
Wigjakmyol Dilan s ss acoehonacenscasesueace 1949 
Fultzo-Mediterranean........---.--.------ 1980 
Rentucky ec igs eck ee oe te ee eee 4B-383 
Awnless, glumes glabrous, brown: 
RO Ole Rese See Bk AS itn ee Slee er el 1979 
METS Ora G8 ayant ee Ae agra sect ap a erty 3610 
Michigan Atm) er sear ene eee eee 1969 
Currell (Currell Prolific). ..........--..--- 3326 
Ching sesh Sh shes es heey ele eee i eae 180 
Awnless, glumes pubescent, white: 
Jones Winter Fife......./.-...-..-------- 1933 7 
Ry brid sh yee Ree aes Samer eee ies 3618 
“ SOFT WHITE OR AMBER WINTER. 
pred, glumes glabrous, white: 
New Amber Longberry24 25-4. eheaeeee se ~ 1973 
Awned, glumes glabrous, brown: u 
Genesee Giant (Early Genesee Giant)... 1744 
Awned, glumes pubescent, white: 
Bearded Winter Fife.................---- 1942 
DD) O)ache chai as ye Berea lo Seas elite 4204 
Awnless, glumes glabrous, white: 
Mari Gin iA ere ea ean Re Be eee ep 1974 
Awnless, glumes glabrous, brown: 
Dawson! Golden Chath=s=s=s*e=ese-eee eee 1733 
HARD RED WINTER. 
Awned, glumes glabrous, white: 
Kharkof (Acme Bred Kaharkof)eeses=-- 208 3615 
Awnless, glumes glabrous, white: 
WOmiGEo: foes a SMe nae ee RO 1506 
DURUM 
BerdiansS sees yee eo seme eee eee ial 1586 


1910 


18. 33 


Yield per acre (bushels). 


1911 


1912 


1913 


8.10 


23. 00 


13. 70 


1914 


Aver- 
age. 


1 Another variety having brown glumes is grown under this name. 


be identical with Fulcaster. 
2 Average of 6, 8, 10 


4 Kentucky station number. 


18, and 13 check plats for 1910, 1911, 1912, 1913, and 1914, respectively. 
3 The parentage of these hybrids is stated on page 18. 


The one here reported appears to 


5 Spring wheats grown from fall seeding. 
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Of the 43 varieties grown at Arlington 36 were included in the tests 
of 1914. Those few that were discontinued in 1913 and previous 
years at Arlington did not yield well enough or were too inferior in 
quality to warrant their continuance in the plat tests. This also gen- 
erally was true of the 65 varieties that have been eliminated at College 
Park. As the tests progressed it was necessary to discard some of 
the inferior sorts in order to make room for 1 new and untried ones 
that appeared on the market. 


MISCELLANEOUS DATA. 


It is important in making a comparison of varieties to consider 
data other than those of yield. Table IV shows the average dates 
of heading and of ripening, average height, average yield of grain and 
of straw, and average weight per bushel for the varieties included in 
Table III. 

Winter wheat at College Park.and Arlington usually is fully headed 
by May 20, and ripe about one month later. The average dates of 
ripening, as given in Table IV, are remarkably uniform, being with few 
exceptions within a period of 3 or 4 days. There is no marked differ- 
ence between the various groups, the one to which Fultz, Purple 
Straw, etc., belong probably being the earliest. The two earliest 
varieties grown at both Arlington and College Park are Fishhead 
(C. I. No. 1732) and Maryland Flint (C. I. No. 1949). It is generally 
believed that the early varieties yield more than the midseason and 
late ones, but if the early and late varieties in the several larger groups 
are compared, no definite correlation between earliness and yield is 
shown. Most of the best varieties in each group are those that are 
midseason in maturity. The China, the leading awnless variety at 
College Park, is one of the latest varieties, which is contrary to the 
belief that late varieties are not high yielders. However, this variety 
is very resistant to scab and rust, thus partially offsetting the dis- 
advantage of late maturity. 

The yields of straw in the winter-wheat varieties, as shown in Table 
TV, are quite variable. Those that rank high in yield of straw do not 
in all cases rank high in yield of grain. On the other hand, those that 
are high in yield of grain are not always heavy producers of straw. 

The average weight per bushel at Arlington is higher than at College 
Park, because it is always determined after the grain is fanned, while 
at College Park it is usually determined as the grain comes from the 
thrasher. However, those varieties which have been best at Arling- 
ton in quality of grain, as determined by weight per bushel, have been 
best at College Park also, as a rule. 
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TasLe 1V.—WMiscellaneous data for varieties of winter wheat grown at the Maryland Agri-— 
cultural Experiment Station (College Park) and at Arlington Farm, Va., for the periods — 


stated. 


CoLLEGE PARK (82 VARIETIES), 1908 TO 1914, INCLUSIVE. 


BULLETIN 336, U. S. DEPARTMENT OF AGRICULTURE, 


1 Data on y 
number of ye 
are available 

2 Data on y 


3 Data on weight per 


ield of straw werenot taken in 1908; hence, the average yield is for one year less than the total 
ars the variety was grown. Varieties introduced after 1908, for which data on yield of straw 


for the full number of years, are noted in the table. 
ield of straw taken each year the variety was grown. 


Mary- annem Gaie— Average yield per 
c.j, | land banlol Aveeped Aver- acce. 
Group and variety. INGE sta- age 
“ition eee height. 
own . 5 
No. | & Headed.} Ripe Grain. | Straw.! 
/ 
SOFT RED WINTER. 
Awned, glumes gla- 
brous, white: Inches. | Bushels. | Pounds. 
Mammoth Red....|} 2008 |...... 7 | May 21] June 22 51 31.09 3,300 
Bearded Purple 

Straw. ees AGING | Seaeee TE OO. 8a June 21 51 30.95 4,060 
Turkish Amber....].....- 195 he |S eed one June 22 51 30.11 3, 650 
HGANCASLCT seer LO 4 on | pee Ta| eae Obes |p ed Ofeene 51 30.03 3, 900 
Dietz (Dietz Long- 

DerEY, Reece 1980.\|-Acec: Mal SC Oeeeee ae Oneeae 51 29. 53 4,140 
DDIGEZS: See B eH eS 95 Us| el) Ble OO a as 51 28. 71 3, 660 
Gipsyaeee eas aee a ee 199 7 | May 23 |...do.-.-- 51 28. 04 3, 870 
Fishhead.......-.- ICY oonsee 7| May 15] June 21 48 27. 97 3, 440 
Via ey oh eae ee mye oe 92 7 | May 21} June 23 50 26. 63 3, 500 
Reliablezs sys) ee eee 189 7 | May 22] June 22 49 24. 46 3,470 
Silver Sheaf (Jones 

Silver Sheaf 

Longberry).....- 2496 |...--- | Maryan23)\S2-0s.055 49 23. 21 3, 130 
Doubly sete S| ee 348 5 | May 20 }...do....- 49 26. 04 23,310 
Rad ya es ee 349 5 | May 22] June 23 47 26.01 | 23,190 
Rulcaster sos = see 352 4]...do..... June 22 51 28.34 23,850 
Fulcaster (Acme)..|.....- 354 4 20G8=S.. June 23 50 27.56 23,610 
Stoner (Miracle) -..|...... 358 Bil ea Olea = June 22 53 25.47 23,820 
Diamond Grit... .. LOAM Sea 5 | May 23 | June 24 48 24.22 3, 000 
Senviais sss soe 1673 |So5! 3 | May 21 |-.-do....- 45 27. 62 4,100 
Tuscan Island... -. NG 84el eee 3 | May 19/ June 21 50 27.45 3, 640 
Budapest:=2>525--: 1739): -2e = 3 | May 20) June 22 46 26. 90 3,070 
Missouri Bluestem.| 1910 |...... 3 | May 19] June 24 49 24. 41 3,510 
Niggers pet a eee 1988 |_..... 2| May 22] June 23 49 36.35 | 23,760 
Skipperita. avass-| acces 227 2| May 19 |-..do..... 52 74 Sif 24,600 

Awned, glumes gla- 
brous, brown: 
Mediterranean... .- 1909) |B aSa52 7 | May 20| June 22 49 28.32 3, 650 
Missouri Bluestem.| 1912 |.....- | Miaryae22) bead Ore. ae 48 28.25 3,570 
Spadet seats . S84 1935 eee 7 May 20 |..-.do.:... 48 27.76 3,510 
Hiclipses-sie ee ereee see 105 7.|| Many 20 |) edollsne 49 27.18 3, 650 
Rieti MeL see eae WA Noss 55 Teed os eaal ean Omere 48 27.10 3, 400 
SWallpeesee] eres LOS4G | eae 7| May 22 | June 23 48 26. 74 3, 630 
Rocky Mountain .-| 1930 |...-.-- 5 | May 19] June 22 50 26. 66 3, 530 
Comsat 1960 |...-.. 4| May 20 |--..do..--- 45 27.00 2,770 
Omigana ee eee 1695 |esi oe. 3 | May 13) June 21 42 20.79 2,020 
Eby rideee ee eee 3609 |.-...- 2| May 20} June 23 47 27.96 4,250 
Awned, glumes pubes- 
cent, white: 
Pride of Genesee...| 1937 |------ Tel (Maye 23h 32d ores 47 24. 54 3,220 
Rural New Yorker |--..-- 191 5.| May 21 |..-do-.... 50 26. 69 3,770 
Red Giant (Velvet E 
Red Giant)...-.- TOPS |eeeoc Bee 0lO)-Ga5e June 21 44 24. 50 3, 120 
Awned, glumes pubes- 
cent, brown: 
Japanese Velvet 
Ane ater ee WI \\acoccs 3| May 19] June 23 47 23.16 2,890 
Awnless, glumes gla- 
brous, white: 
IOAN aii em enel|bec soe 84 7 | May 21] June 21 49 25. 92 3,640 
Fultzo-Mediter- 

Taneane.--hense- 1980 |--.---- 7 | May 19 |..-do.-.-- 45 25. 75 2,960 
Four-Rowed Fultz |------ 36 3 | May 21 | June 20 44 22.15 23,120 
Jersey: Hultz2 2322 | ee. 363 2| May 24 | June 22 47 28.05 23,720 
Purple Straw...--- LGU | Rae 5 | May 19 |.-.do-.-.. 49 25.39 3, 680 
Frostproof May-..--| 2007 |--.--- 4|...do-....- June 21 47 26. 22 4,140 
Diminum:+-2- 22-22 D191! |S s2 3) May 21) June 23 47 32.18 23,760 
Oakley (Extra : 

Early Oakley).--| 1951 |---..-- 3| May 17 | June 20 48 24.15 3,510 
Maryland Flint....! 1949 ’....-. 2! May 16! June 21 48 21. 80 4,780 


bushel for one year less than the full number the variety was grown. 


Average 
weight 


per 
bushel. 


Pounds. 
58.2 


59.2 
58.8 
58. 7 


58.2 | 


8 


7 wl a ed, ea LP bs 


A en’ a a, ere o 


Apert Bees 


stated—Continued. 
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TasLe 1V.— Miscellaneous data for varieties of winter wheat grown at the Maryland Agri- 
cultural Experiment Station (College Park) and at Arlington Farm, Va., for the periods 


COLLEGE PARK (82 VARIETIES), 1908 TO 1914, INCLUSIVE—Continued. 


Average date— 


Aver- 


Average yield per 
acre. Average 


——— _ [_—K |) oe _\ oe qc“— -qjKfc JS Wy qy_\ em] xxuc“c 


Mary- 
> ; C.T sane 
Group and variety. 7. | ste 
, Y | No. tion 
No. 
SOFT RED WINTER— 
continued. 
Awnless, glumes gla- 
brous, brown: 
(i) aa ee 194 
Currell (Currell 
EVOUEO ye cse Sop le ces: 89 
Red Clawson 
Royal Red 
lawson)........|----.- 188 
Gee es HORT | eros 
Beechwood ( Beech- 
wood Hybrid)...| 1972 |.-..-. 
QaLtY 4s So ae 198 
ICG IVE 351 
Beechwood (Beech- 
wood Hybrid) 

Wi Jic Gea el 364 
Boughton ......... 1993222552 
Red Clawson 

Early Red 
lawson)... ...... 1999 sasha: 
Michigan Amber ..| 1969 |--.--- 
Jones Red Chief 
Jones Early 
ed Chief) ...... 2498 |...-.. 
mooley sen Fos oe. Gye Bee 
Harvest King......|....-. 193 
Red Chief (Earl 
Red Chief).......|......| 350 
Arcadian (Early 
Arcadian). 2... - 749i ee 
New York No. 10..].-...- 347 
Rochester (Roéh- 
eSkern ed) hers tiles | 355 


Awnless, glumes pu- 
bescent, white: 


Jones Winter Fife.| 1933 |-----.. 


AKC hye Sah eee 1995) sees 
Canadian Hybrid..| 1747 |.----- 
iia hear SOLS aaccae 


SOFT WHITE OR AMBER 
WINTER. 


Awned, glumes gla- 
brous, white: 
New Amber Long- 


Awned, glumes gla- 
brous, brown: 
ionditkes. -52% 5.) << . 2 356 
Genesee Giant 
(Early Genesee 


Giants. wo. 2 D7 4a eae 


Awned, glumes pubes- 
cent, white: 
Bearded Winter 


iN Se a eee 1943) c55 


Awned, glumes pubes- 
cent, brown: 
Bearded Velvet 


CIS epee 2500 |.----- 


Awnless, glumes gla- 
brous, white: 


Martin Amber.....- 1974 }.2.... 


aon 


Ny wo een cron ents AIT ~T-a 


i) 


Ne Or 


to 


May 


May 


May 


May 


do 


May 


May 


BB 


49 


46 


47 


48 


43 


48 


1 Data on yield of straw taken each year the variety was grown. ‘ 
2 Data on weight per bushel for one year less than the full number the variety was grown. 


Bushels. | Pounds. | Pounds. 


31.17 3, 980 58.0 
29. 62 3, 580 57.9 
28.92 3,270 57.5 
28.21 3,240 56.9 
25. 85 3, 470 56.0 
23.11 3,110 56.3 
21.88] 12/600 57.3 
29.70 | 13,910 59.5 
27.57} 3,680 254.2 
26. 46 3, 400 55.7 
25.05 3, 460 255.1 
24.54 3,070 | - ~~ 54.3 
29.22 3, 650 54.7 
28.33 2, 820 56.5 
29.01} 13,690 56.0 
17.74 3, 600 244.4 
27.32 | 12,610| -— 58.8 
20.85} 13,130 58.3 
26.40| 3,180 56.0 
28. 28 3,270 53.5 
27.70 3, 280 55.4 
25. 65 3,200 253.2 
25.26 3, 480 56.0 
35.04 | 13,940 3 59.5 
21.84] 12,860 56.2 
23.91 3,310 55.2 
29.56 3,370 57.8 
24.88| 2,480 56.5 
24.32 3,390 58.2 
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TasLe [V.— Miscellaneous data for varieties of winter wheat grown at the Maryland Agri- 
cultural Expervment Station (College Park) and at Arlington Farm, Va., for the periods 


stated—Continued. 


COLLEGE PARK (82 VARIETIES), 1908 To 1914, INcLUSIVE—Continued. 


a Average yield per 
oe Mary Num-| Averagedate— |. are ig Average 
Group and variety. | 3;47| sta- ber of age weight 
a eon ee height. Beshell 
No. | 8'°W"-| Headed. | Ripe. Grain. | Straw. eee 
/ 
SOFT WHITE OR AMBER 
WINTER—Continued. 
Awnless, glumes gla- 
brous, brown: 
Dawson Golden Inches. | Bushels. | Pounds. | Pounds. 
Chasis see eee BB bo ose 7 | May 22] June 22 46 27.17 3,350 55.4 
Goldi@oinetseeeses |pasea: 353 4| May 24 |...do-.... 44 21.67 | 12,620 57.9 
Dawson Golden : 
Chatter ssee sea |poee ee 187 2| May 19 |-..do..... 44 24.28 2,480 54.2 
Massey 232 once see senee 357 2| May 24| June 24 44 19. 88 13,400 57.8 
HARD RED WINTER. 
Awned, glumes gla- 
brous, white: 
Malakot so) fn s25| soso 365 2| May 23} June 21 51 29.00} 14,020 60.7 
ANGE ON Es sab oseoeas W725 eee 3 | May 18] June 20 45 23.25 3, 230 2 52.3 
Awnless, glumes pu- ; 
bescent, white: 
ay GS ase see oes IBOS |lesosoe 2| May 24 | June 26 49 19.02 | 13,930] = 52.1 
ARLINGTON FARM, VA. (43 VARIETIES), 1910 To 1914, INCLUSIVE. Y 
Average yie () 
Num- | Averagedate— |, ae seigs Average 
Group and variety. ee i) penes age weight 
o. | years height. per 
sTOWD. | Headed.3| Ripe. Grain. | Straw.s | Pushel. 
SOFT RED WINTER. 
Awned, glumes glabrous, 
white: Inches. | Bushels. | Pounds. | Pounds. 
Wan casters: een eee 1945 5 | May 21] June 20 29. 74 4,390 59.9 
Mammoth Red........ 2008 5 | May 22 |...do..... 51 27.41 4, 460 61.0 
Dietz (Dietz Long- 
1 Oss ray) ee SSE) Seeds 1981 5 | May 23 | June 19 49 26. 87 3, 780 461.1 
Ey oridis Sec secheoneee 3608 5 | May 25 | June 21 46 25. 38 4,140 4 60.9 
Bearded Purple Straw. 1911 5 | May 23} June 20 49 23. 86 4, 200 61.0 
Py Dridiao eae 3611 5 | May 26 | June 22 43 20. 54 3, 780 460.9 
Stoner (Miracle)........ 2980 4, May 23] June 19 48 27. 42 3, 900 61.1 
Ey bride) eae e om ae 3617 4| May 26| June 22 44 26. 49 4,530 61.0 
Hishheadi ae seshea see 1732 4 >May 18] June 17 5 42 24,29 | 52,640 | 60.3 
iy bride asus 3612 4| May 26) June 22 46 19.52) 53,960 57.1 
Silver Sheaf (Jones Sil- 
verSheaf Longberry).; 2496 2 ;...do....| June 21 51 19. 90 5, 600 60. 0 
Fuleaster (Acme).....| 3115 2| May 24 |...do..... 46| 22.02] 2,960 60.0 
Awned, glumes glabrous, 
brown: 
Rocky Mountain. -..... 1930 5 | May 23 | June 22 49 27.33 4,660 60. 8 
Bluestemes-s—eeee eee 1912 5 | May 24 | June 23 49 26. 81 4,610 60. 7 
(FLY DTG shes eee eee 3609 5 | May. 27 | June 24 45 22. 57 5 4,240 460.4 
DY Pee Cora sae A 3614 4| May 25 | June 22 48 24.34 | © 4,880 58. 4 
DO aateseas term see 3613 Caer 0 Bese © June 23 48 21. 29 5 4, 440 |. 58. 9 
Rocky Mountain....... 3638 3 | May 24 | June 22 52 24, 22 5,510 60.8 
Similar to C. I. No. : 
SOA eka oe oR eo ee 3640 1 | May 21 |-.-do..... 46 17.60 2,380 60. 0 
Awned, glumes pubescent, 
white: : 
Eby bridiey yes ee. 8 ee oe 3616 5 | May 25 /4June 21 47 24. 49 3, 750 460.1 
“Virginia (hybrid)... .-. 3277 4] May 27] June 24 47 25. 54 3,940 60. 6 


1 Data on yield of straw taken each year the variety was grown. 


~ 


2 Data on weight per bushel for one year less than the full number the variety was grown. 

? Dates of healing, height, and yield of straw are for four years only on all varieties grown for five years. 
In varieties grown for a less number of years these notes are for all years unless otherwise stated. 
5 For three years only. 


4 For four years only. 


ay 
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cultural Experiment Station (College Park) and at Arlington Farm, Va., for the pervods 


| 
: 
| Tasie LV.— Miscellaneous data for varieties of winter wheat grown at the Maryland Agri- 
| stated—Continued. 

: 


ARLINGTON FARM, VA. (43 VARIETIES), 1910 TO 1914, INCLUsIVE—Continued. 


Average yield per 
| oe Num. Average date— yee 4nY ee a Pp Average 
| Group and variety. NT Salts age EN ret _| weight 
0. years height. per 
} grown! Headed. } Ripe. Grain, | Straw. ene: 
SOFT RED WINTER—Contd. 
| Awnless, glumes glabrous, 
i white: Inches.| Bushels. | Pounds. | Pounds. 
Purple Straw.......--- 1915 5| May 19| June 18 46| 32.09| 4,320 61.4 
| Menu zereiecries evo cee «5.0 1923 oO) | May 220 \eedoseese 48 29517 4 200 60. 8 
Purple Straw.......... 1957 5 | May 17 |...do..... 49 29. 08 4” 590 61.3 
| Maryland Flint..._.... 1949 5 | May 22| June 17 46 26.18 4,580 160.9 
. Fultzo-Mediterranean..| 1980 5 | May 23 | June 22 45 22. 05 3,780 161.5 
| Ientuckiyyccicicle- =< « B-383 2| May 21} June 21 46 26. 57 4,100 60. 5 
Awnless, glumes glabrous, 
rown: 
RO emer erie acid as sie 1979 2| May 22]! June 22 48 28. 74 4,510 60. 4 
Hybrid Jor cececenoseene 3610 5 | May 26 |! June 30 41 23. 85 3, 180 160. 2 
Michigan Amber....... 1969 4| May 23] June 21 50 24.71 4,610 60. 8 
Currell (Currell Pro- 
NTC) ere einertrs sce nc 3326 2| May 22] June 20 50" |=, 22025 4,610 61.0 
@ltinaee yaad sc veces = 180 2| May 28 | June 24 54 20. 90 5, 700 61.0 
\ Awnless, glumes pubescent, 
white: : 
Jones Winter Tife...... 1933 5.| May 26] June 22 45 24. 57 23,880 60,9 
(iy pridmeme ss doe 2 sons 3618 fiy)|| MoCo oea he. Caleta 45 23.31 3,840 160.4 
SOFT WHITE OR AMBER 
WINTER. 
Awned, glumes glabrous, 
white: 
New Amber Longberry.| 1973 5 | May 28] June 24 52 27.05 4,830 60.0 
ia Awned, glumes glabrous, 
brown: 
Genesee Giant (Early 
Genesee (riant).....-- 1744 5 | May 25 |...do....- 46 27.21 3,970 59. 0 
Awned, glumes pubescent, 
white: 
Bearded- Winter Fife... 1942 5 | May 23] June 21 46 28. 24 4,210 60. 2 
DD) OMe ga oee inde 4204 2| May 24 |...do..... 47 29. 80 4,610 60. 3 
Awnless, glumes glabrous, | 
white: 
Martin Amber.......-. 1974 2| May 26] June 25 46 24. 55 4,580 60. € 
ress, glumes glabrous, 
rown 
Dawson Golden Chaff..| 1733 2| May 25] June 21 47 29. 37 4,110 60. 2 
HARD RED WINTER. 
Awned, glumes glabrous, 
white: 
Kharkof (Acme Brads } 
eahlarkonecns = os ec 3615 2| May 27] June 24 39 19. 24 2,980 61.0 
Awniess, glumes glabrous 
LNs Oe | 1806 1] May 10] June 26 BOa Ma ules BD: [Benet | eewcn e 
DURUM. | 
iRerdiansk:s. 22. 2..2---+ | 1586 4 |?May 25 |...do....- 2 40 15.78 22,150 61.0 
1 For four years only. |. 2 For three years only. 3 Spring wheats grown from fallseeding. 
HYBRIDS. 


From Tables III and IV it will be noted that 11 of the wheats 
included in the tests at Arlington are hybrids. Two of these hybrids 
were also included in the varietal tests at College Park in 1908 and 
1909, and are shown in Table III. These 11 hybrids are now prac- 

12493°—Bull. 336—16——3 
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tically all that remain of about 575, most of which have been grown 
at various times at College Park and Arlington. Of this number, 
368 were made at Halstead, Kans., in 1900, by Mr. Deane B. Swingle. 
These were transferred to College Park in 1901, where about 172 
additional hybrids were made by Mr. Mark Alfred Carleton in that year, 
thus bringing the number up to 540. They were grown and selected 
from year to year, the number being gradually reduced until the fall 
of 1907. At that time those that yet remained, together with about 
35 other hybrids made by Mr. H. A. Miller in 1905 at College Park, 
were transferred to Arlington. 

Finally, in the fall of 1909, when the total number had been reduced 
to less than 50, 11 of the most promising were included in the regular 
varietal tests. The parentage of the 11 selections from hybrids which 
are included in Table III is as follows: 


C.I.No. C.I.No. 
3277, C. I. No. 1344 X Jones Winter Fife. | 3612, Fultz x Eclipse. 
3608, Diehl Mediterranean Jones | 3613, Currell(Currell Prolific) x Dietz. 


Winter File. 3614, Currell X Eclipse. 
3609, Shirosawa Jones Winter Fife. 3616, C. I. No. 1344 x Jones Winter Fife. 
3610, Jones Winter Fife x Dawson | 3617, (Penquite Velvet Chaff x Zim- 

(Dawson Golden Chaff). merman) X (Zimmerman X 
3611, (Crimean  Onigara) X (Reddish Turkey). i 

ee Bearded x Japanese No. | 3618, Jones Winter Fife X ©. I. No. 1405. 


C. I. Nos. 3277, 3608, 3609, 3610, 3616, and 3618 are selections 
from the hybrids made by Mr. Swingle at Halstead, Kans., in 1900; 
C. I. Nos. 3611 and 3617 are selections from those made in 1901 by 
Mr. Carleton at College Park, Md.; and C. I. Nos. 3612, 3613, and 3614 
are selections from those made by Mr. Miller at the same place in 
1905. 

GROUPS OF SIMILAR VARIETIES. 

For convenience in comparing the yields of similar wheats and to 
avoid confusion of varietal names’ in the future, the varieties in 
Tables III and IV have been grouped in accordance with some of the 
most obvious characters. In this grouping no attempts have been 
made to distinguish between white and amber kernels or between 
white and yellow or red and brown glumes. This classification is 
practically identical with the one published in Farmers’ Bulletin 616.' 
It will be noted from Tables III and IV that practically all the vari- 
eties included in the tests are of the soft red and soft white groups. 
By far the greater number belong to the first group. Several of the 
hard red winter wheats have been tested, but with no marked success. 


1Leighty, C. E. Winter-wheat varieties for the eastern United States. U.S. Dept. Agr. Farmers’ 
Bul. 616, 14 p., 6 fig., 1914. 
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The wheats of this group are not adapted to the more humid areas of 
the United States. 


SOFT RED WINTER. 


Awned, glumes glabrous, white.—In: order of yield, the leading 
varieties of this group that have been tested are the Lancaster, C. I. 
No. 1945; Mammoth Red, C. I. No. 2008; Dietz (Dietz Longberry), 
C. I. No. 1981; Bearded Purple Straw, C. I. No. 1911; and Stoner or 
“Miracle,” C. I. No. 2980 and Maryland No. 358. These varieties are 
all quite similar (fig. 2). They are the most popular milling wheats 


Fic. 2.—Heads of six varieties of winter wheat grown at the Maryland Agricultural-Experiment Sta- 
tion and at Arlington Farm: 1, Dietz (Dietz Longberry); 2, Missouri Bluestem; 3, Purple Straw; 
4, China; 5, Bearded Winter Fife; 6, Dawson Golden Chaff. 


grown in the eastern United States. Probably the most widely 
advertised variety of this group in recent years is the Stoner or 
“Miracle” (Fulcaster). Great claims have been made for its free 
tillering habit and its heavy yields. Seed of the “‘ Miracle” wheat was 
sold widely at extremely high prices, but in no instance did the 
results obtained justify the extravagant claims which were made. 


Data presented in another portion of this bulletin show that the 
“Miracle” variety possesses no greater tillering power than other 


similar wheats. 

Awned, glumes glabrous, brown.—The Mediterranean, C. I. No. 
1909, and the Missouri Bluestem, C. I. No. 1912, are the best varieties 
in this group. The Rocky Mountain, C. I. No. 1930, has been the 


leading variety at Arlington, but has not done so well at College Park. 
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The varieties Spade, C. I. No. 1935, and Eclipse, Maryland No. 105, 
are also among the best at Collese Park. 

The Missouri Bluestem when first grown at Arlington was a mixture 
of a white-chaffed and a red-chaffed wheat. Selections were made, 
and in 1913 the best strain, a red-chaffed one, was substituted for the 
mixed stock in the tests. The white-chaffed strain was inferior and 
was discarded. The Missouri Bluestem variety, C. I. No. 1910, 
tested at College Park from 1908 to 1910, was identical with the 
white-chaffed strain just mentioned. 

Awned, glumes pubescent, white.—Only five varieties included under 
this group have been tested, of which two were grown at Arlington 
and three at College Park. The Virginia, C. I. No. 3277, a hybrid 
variety, is of sufficient promise to warrant special mention. While 
it has not ranked unusually high in yield, the quality of grain in this 
variety is superior to that of the other four varieties. 

Awnless, glumes glabrous, white—The Fultz, C. I. No. 1923 and 
Maryland No. 84, one of the oldest and best known varieties of soft 
winter wheat, probably is the most valuable’ of the several varieties 
belonging to this group. However, at Arlington the Purple Straw, 
C. I. No. 1915, has outyielded it in a 5-year test by nearly 3 bushels 
per acre. Unfortunately, the Purple Straw was discontinued at Col- 
lege Park in 1912, and consequently data for only five years are 
available there. It has produced 32.09 bushels per acre, the highest 
average yield of any variety, at Arlington Farm during the five years 
from 1910 to 1914. 

The Fultzo-Mediterranean, C. I. No. 1980, a rather popular variety 
in Maryland and Virginia, has not compared favorably in yield with 
either Purple Straw or Fultz. At College Park it has yielded nearly 
as well as the Fultz. Of the 29 varieties that have now been tested for 
seven years at College Park the Fultzo-Mediterranean ranks twenty- 
fifth in average yield per acre. The popularity of this variety is due 
largely to its short, stiff straw and its consequent freedom from 
lodging. 

Awnless, glumes glabrous, brown.—The leading varieties of this 
group are the Poole, C. I. No. 1979; Currell (Currell Prolific), C. I. 
No. 3326; China, C. I. No. 180 and Maryland No. 194; and Red Claw- 
son (Royal Red Clawson), Maryland No. 188. Of these the China 
has been the most promising at College Park, while the Poole’ takes 
the lead at Arlington. Regardless of group, the China has been the 
highest yielding wheat tested at College Park. This variety, how- 
ever, has not yielded especially well at Arlington, where it has been 
included in the tests only since 1912. Just why a few varieties are 
particularly promising at College Park and of little value at Arlington, 
and vice versa, the writer can not say. The records of the China 
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- and Purple Straw at the two places are among the best examples of 
_ this variation. 
SOFT WHITE OR AMBER WINTER. 

Awned, glumes pubescent, white-—The Bearded Winter Fife, C. I 
No. 1942, has been the most promising of the so-called velvet-chaffed 
wheats tested at College Park and Arlington. A selection (C. I. No. 
4204) which is quite similar to it has also been of particular promise 
_ at Arlington. Of the several varieties originated by Mr. A. N. Jones, 
_ of New York, that have been tested at College Park and Arlington, 
. the Bearded Winter Fife is considerably the best. 

Awnless, glumes glabrous, brown.—The Dawson (Dawson Golden 
Chaff) C. I. No. 1733, is the only representative of this group included 
in the tests. Among the soft white winter wheats this variety is of 

- outstanding merit. It is one of the most popular varieties of winter 

_ wheat in the eastern United States. At Ariington it ranks third in 
average yield in a 5-year test and is first in yield. of the awnless 
varieties. At College Park, however, it has not yielded so weil, 

ranking eighteenth in average yield per acre among the 29 varieties 

that have been tested seven years. Two strains of this variety have 
been included in the tests at College Park. 


HIGH-YIELDING VARIETIES. 


The varieties which have been high in yield at College Park have 
not always been high in yield at Arlmgton, and vice versa. This 
is well shown in Table V, in which the average yields of the 10 best 
varieties at each place are shown, with the records of the same varie- 
ties at the other place for comparison. The integers in the columns 
headed “ Rank’’ denote the rank of the variety among the total num- 
ber in the test. The denominators of the fractions in these columns 
show the number of varieties grown in the same years as the variety 
in question, while the numerator shows the rank of that variety. 
Thus the China was grown only two years at Arlington, when it 
ranked thirty-second among 36 varieties that were grown the same 
two years. 

Of the 82 varieties and strains which have been grown at College 
Park, the 10 highest m order of yield, as shown in Table V, are (1) 
China, (2) Mammoth Red, (3) Bearded Purple Straw, (4) Turkish 
Amber, (5) Lancaster, (6) Currell, (7) Bearded Winter Fife, (8) Dietz 
(C. I. No. 1981), (9) Red Clawson, and (10) Dietz (Md. No. 95). 
The difference in the 7-year average yield of China and Dietz (Md. 
No. 95) is 2.46 bushels. Of these 10 varieties, 9 are soft red and 1 
(Bearded Winter Fife) is a white wheat. Of the red wheats, 6 (Nos. 
2, 3, 4, 5, 8, and 10) are bearded, with glabrous white chaff; 3 (Nos. 
1,6, and 9), are beardless, with glabrous brown chaff. The one white- 
kerneled variety is bearded, with hairy white chaff. Of the 10 
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varieties, 7 are bearded and 3 beardless; 7 are white chaffed and 3 
brown case and 9 have glabrous (smooth) and 1 pubescent 
(velvet) chaff. 

TaBLE V.—The ten highest yielding varieties of wheat at the Maryland Agricultural Ex- 


periment Station (College Park) and at Arlington Farm, Va. nae in order of 
yield, with the record of each in both locations. 


[The numerators of fractions in the columns headed ‘‘Rank’’ denote the rank of the variety for the years 
grown; the denominators indicate the number of varieties grown in those years.] 


/ 
At College Park. At Arlington Farm. 
= C. I. | Md. 7 
Name. | No. | No. Eee? Aver- eee Aver- 
| Rank, | eb age | Rank. age 
year’s | yield SEATS Cael 
grown. | * q grown. 
College Park: 
Ching 222 55st Laser. asa ess eee 1 7 | 31:17 32 2 20. 90 
Mammoth Red...........------- 2 7 | 31.09 or 5 27. 41 
Bearded Purple Straw 3 7 | 30.95 48 5 23. 86 
wornkisheAun) erases seer oe ote 4 PES QOS AES | Beene Ri cara cased 
Lancaster. (ei ei eacck Sone ee eee ae 1945 Ws eee 5 7 | 30.03 os 5 29.74 
Crarrel dis. s pe ee a ey a ee ey siag [ER ee 89 6 7 | 29.62 44 2 25. 25 
Bearded Winter Fife...-.......-.-..-- 1942: eae 7 7 | 29.56 a7 5 28. 24 
Dietz (Dietz Longberry)..-.---.--.-- 1981 |...--- 8 7 | 29:53 = 5 26. 87 
Red /Clawson:. Ss) | sas ARE ee eee ee 188 g Beh 28925) 5 Ree gal tae ene at 
Dieteivs. c2 Sass oP a Me es ae ey ae 95 10 FT| MDS TEL Loa ie eh | een NST ks 
Arlington Farm: s 
° Piurple;Siraw---ete see eee eee eee fy |e seec 38 5 | 25.39 1 5 32.09 
hancaster = 22222 so.censmeraeos ne ce 22) 9457 Meee _— 7 | 30.03 2 5 29. 74 
Dawson....-- aio) sae cee a3 CN 20 3 Scheid) 29.37 
IAG ss as cree Sete em ett naps | 1923 |...--- #3 7 | 25.92 4 5 29.17 
urple|Straws == ssn eeee eae MOST eS Eee fol ae s Soe eee all Sia sate 5 5 29. 08 
POOle sy ase ee Sees ne eee ail 97/9) |e ag 4 |, 29.22 6 5 28. 74 
Bearded Winter Fife......-..--..---.| (E1942) se Eee ae 7 | 29.56 7 5 28. 24 
Stoner: Vo Pees hee Foe ee | 2980 | 358 22 3| 25.47 8 4 27. 42 
Mamim ot bykedessener eee ee eee eee | 2008 |.-.--- os 7 | 31.09 9 5 27.41 
Rocky Mountain........-...--.---.-- 1930))-2 as 36 5 | 26.66 10 5 27.33 


Of the 43 varieties and strains grown at Arlington, the 10 highest in 
order of yield (Table V) are (1) Purple Straw (C. I. No. 1915), (2) 
Lancaster, (3) Dawson, (4) Fultz, (5) Purple Straw (C. I. No. 1957), 
(6) Poole, (7) Bearded Winter Fife, (8) Stoner, (9) Mammoth Red, 
and (10) Rocky Mountain. The difference in the 5-year average yield 
between Purple Straw (C. I. No. 1915) and Rocky Mountain is 4.76 


bushels. Of these 10 varieties, 8 have red grains and 2 (Nos. 3 and 7) - 


have white grains. Of the red-grained varieties, 3 (Nos. 1, 4, and 5) 
are beardless, with glabrous white chaff; 3 (Nos. 2, 8, and 9) are 
bearded, with glabrous white chaff; 1 (No. 6) is beardless, with 
glabrous brown chaff; and 1 (No. 10) is bearded, with glabrous brown 
chaff. Of the two white-grained varieties, 1 (No. 3) is beardless, with 
glabrous brown chaff, and 1 (No. 7) is bearded, with hairy white chaff. 
Of the 10 varieties, 5 are bearded and 5 beardless; 7 are white chaffed 
and 3 are brown chaffed; and 9 have glabrous and 1 hairy chaff. 

The Lancaster, Mammoth Red, and Bearded Winter Fife are the 
only varieties which appear among the 10 best at both College Park 
and Arlington. Of the other 7 among the 10 best at College Park the 
China has been grown only 2 years at Arlington and has been low in 
yield in both; Bearded Purple Straw has been eighteenth and Dietz 
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(Dietz Longberry) eleventh of 22 varieties grown in all 5 years; Cur- 
rell has been grown only 2 years, with only a fair average yield; and 
Turkish Amber, Red Clawson, and Dietz (Md. No. 95) have not 
been included in the tests at Arlington. Of the remaining 7 in the 
10 best at Arlington, Poole (C. I. No. 1979) was discarded at 
College Park in 1911 and Purple Straw and Rocky Mountain in 1912; 
Dawson is eighteenth and Fultz twenty-second among the 29 varieties 
grown all 7 years; Stoner has been grown only 3 years, with fair 
yields; and Purple Straw (C. I. No. 1957) has not been included in the 
tests at College Park. 


TESTS OF SELECTIONS IN FIELD PLATS. 2 


Many selections have been made from some of the leading varieties 
of winter wheat, the object being to develop superior strains. While 
the nursery work along this line has been rather extensive at both 
College Park and Arlington Farm, the number of pure lines that have 
been tested in field plats in comparison with the old strains is com- 
paratively small. At College Park several of the high-yielding pure 
lines of the Fultz and Currell varieties were sown in twentieth-acre 
plats in the fall of 1910. Plats containing a mixture of a half dozen 
or more pure lines of each variety also were sown, as well as plats of 
the original unselected varieties for checks. Unfortunately, the 
Currell checks were not continued after 1911, so that only the yields 
of Currell in the regular varietal test in ong wher field are available for 
comparison. The annual and average yields of these selections and 
of the original unselected varieties at College Park from 1911 to 1914 
are shown in Table VI. At Arlington Farm pure-line selections were 
tested in field plats only in 1913 and 1914, so that data of sufficient 
value to report have not yet been obtained. 

TaBLe VI.—Annual and average yields of pure lines of Fultz and Currell winter wheats 


at the Maryland Agricultural Experiment Station (College Park), 1911 to 1914, inclu- 
sive, with yields of the unselected varieties for comparison. 


Yield per acre (bushels). 


Variety and strain. | 
fe Aver- 
19i1 1912 1913 1914 | age. 
Fultz (C. 1. No. 1923 and Md. No. 84): | 
OST yiotelice BONS Soh Sees Cane eer PeSeReeeeeeeScE S355 5e 38.60 | 18.20} 24.27 | 30.33 27.85 
NEEM UECOUDUROUMMOSs-2 Sou. gee neces --- + eee 37.60 | 19.37] 22.80} 36.07 28. 96 
TLD SIS) (TUB ek ys Soe & ara eee neg eR gS 36.33 | 24.20] 21.83 | 34.67 26. 76 
TEL, 221 RET) S384 2) ye a ee ele nl Gee, ol 37.10 | 25.07 | 22.67} 34.67 29.88 
DETER ICID il Bea 2) ee ge i oe a a eg 38.70 | 22.57 | 24.07 | 29.67] 28.75 
COST ETTOS NSTI) LEC iS Sie at A ee fel 35.73 | 26.77 | 22.00 |- 27.67 28. 04 
Currell (C. I. No. 3326 and Md. No. 89): 
SEPT TL SV oy eh eh ES A a a 35.10 | 220.20 | 222.10 | 241.87 29.82 
Mixture of purelines. . 36.87 | 29.87 | 23.33 | 28.87 29.74 
Plat 7 (1909 B. P.).- a7.43:|' 28. 70)| 23.'57 | 32.00 30. 43 
Plat 5 (1909 B. P.) 38.47 | 26.07 | 24.57 (3) 29.7 
Plat 13 (1909 B. P.). 35. 03 30.73 | 25.47 | 29.77 30. 25 
PRI mini USLUGKa ah Leryeeebces! ot ate LE Fees eee 365233 eter pcbtsaon sssSseec Bs.55 228 


1 Breeding plat of 1909. : 
2 Not comparable; grown ina different field. The Currell checks were discontinued after 1911. 
3’ Discontinued. 
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Table VI shows that two of the three pure lines of Fultz have 
given higher average yields for the four years than the original stock. 
one of them exceeding the original variety by nearly 2 bushels. The 
mixture of good pure lines has also exceeded the unselected original 
stock in average yield by about 1 bushel. In the one year (1911) 
when comparable yields of unselected Currell were obtained, two of 
the selections and the mixture of pure lines exceeded the original 
stock in yield. For the four years, the two pure lines which have 
beer continued exceeded the mixture of pure lines by about one-half 
bushel. They have also exceeded the original stock, but, as previously 
stated, these yields are not really comparable. 

From these results it appears that shght gaims in yield are to be 
obtained by the selection of pure lines, even though, as in the present 
case, the original varieties apparently are quite pure. 

RATE-OF-SEEDING TEST. 

A test to determine the best rate of seeding for wheat was begun 
at Arlington Farmin 1911. Three varieties, Dietz (Dietz Longberry), 
Fultz, and Fulcaster (Acme), were sown at the rates of 4, 5, and 6 
pecks each. In 1912 five additional varieties, Stoner, Martin Amber, 
Missouri Bluestem, Kharkof, and Purple Straw (C. I) No. 1957), were 
added to the test, the rates of seeding being the same as in the pre- 


-vious year. In 1913 and 1914 only four varieties, Dietz, Fultz, 


Stoner, and Martm Amber, were included; but the rates of seeding 
were increased to include 2, 3, 7, and 8 pecks. In 1911 and 1912 
single twentieth-acre plats of each variety at each rate were sown. 
In 1913 and 1914 the tests were conducted in duplicate on fortieth- 
acre plats. The yields of gram from each variety at the different 
rates of seeding are shown in Table VII. 

Table VII shows that the highest yield of the Dietz wheat for the 
four years from 1911 to 1914 was obtained from the 4-peck rate of 
seeding and the highest yield of the Fultz from the 5-peck rate. Only 
the 4, 5, and 6 peck rates were included in the test during all the years. 
The Stoner and Martin Amber wheats were sown at the 4, 5, and 6 
peck rates in the three years from 1912 to 1914. Both these varieties 
have given slightly higher yields from the 4-peck rate than from either 
the 5-peck or 6-peck rate. The other varieties which were grown 
only in 1911 and 1912 vary but slightly in yield from the different 
rates of seeding. 

The average for all varieties which have been grown at the 4, 5, and 
6 peck rates from 1911 to 1914 shows a yield of 28.75 bushels from 
the 4-peck rate, 27.86 bushels from the 5-peck rate, and 26.45 bushels 
from the 6-peck rate. When the yields are shown on a strictly com- 
parable basis by subtracting the quantity sown in each case from the 
average yield, the advantage of the lower rate is still further increased. 
The net average yield from the 4-peck rate is 27.75 bushels; from the 
5-peck rate, 26.61 bushels; and from the 6-peck rate, 24.95 bushels. 


CEREAL EXPERIMENTS IN MARYLAND AND VIRGINIA. 25 


Of the four varieties which were grown at rates of 2, 3, 4, 5, 6, 7, and 
8 pecks in 1913 and 1914, the Dietz gave the highest yield from 
the 8-peck, the Fultz and Stoner from the 4-peck, and the Martin 
Amber from the 3-peck rate. The differences in yield from the various 
rates are slight, however, except that the 2-peck rate has given con- 
sistently lower yields. 


Taste VII.—Annual and average yields per acre (bushels) obtained in a rate-of-seeding 
test with eight varieties of winter wheat at Arlington Farm, Va., 1911 to 1914, inclusive. 


i Rate of seeding (pecks per acre). 
Variety and year. ———— 
2 3 4 5 6 7 8 
Dietz pete Longberry), C. I. No. 1981: 
ied RPE ER ee Soe ae Sec aye hi taiwie Sta Bioline awn walt Moergaleee SHAN) PAL ECO! wlret ccf), ee Se lees 
ee oe SSR OE CES nc CBOE ROBE Ere taH EN Ppmnmimet |. 5 us ae Met LO 2 atl tl) APEC a J ee 
Sealer ee TN Tg eo oc aicloan pot 18.90} 19.90} 16.80} 18.70) 19.40) 17.40 19.70 
EN Ueda le akin. cfee leis dajscdn ules aaeueasis 26.70 | 30.00} 29.50 | 27.80) 29.7 30. 60 32: 50 
LASTGIETEG pO a FG A 22. 80 24.95 23. L5 23.25 24.55 24. 00 26.10 - 
Net average, 1913-14 1.................-- 22.30'| 24.20'| 22:15 | 22.00} 23.05 |) 22:25 24.10 
ANGIEIEG 5 UATE 2 a eS a ee Sed Ee be ee pai POS40R ie 2a On | tee 2045 Pee Ame saan eee = 
IN cinerea pe wLOl TOU 6 ose 8 ecco cc cieties|saicies = cele meeore es Pee | Palsy || | PALE ee ein 
pplz, C C. 1. No. 1923: 
ye SE ea ae Lc, ee 
EO ety nea noite coe lke eicawetes 
Armee eee tence Att (iar aah aisle ialelarsiee 2 
JSGTETEGE MOIR Se a 
INeiawensee, 1913-142. 0 cede keel 
Average, LOUIS 191 4e oe cane masecee 
Net average, 1911-1914 
Stoner ( eel?) C. I. No. 2980: 
(OI oe cede eae Da OO Ee Be Dees eee enema 17. SO PEE) “BPE SOI eas orale Gosoewe 
Le Te oO EDS GAS SSE A eee alae ge ea 17.40 | 18.380] 17.10 | 17.50) 14.70] 14.50 16.00 
LO Leper ReE aet s)e io Sa ci winla tha 4 rm aie termeioina 26.90} 30.70 | 32.80] 28.90 | 29.70} 30.90 29.80 
Average, 1913-14.......... Waid Pownce moines 22.15 24. 50 24.95 23.20 22. 20 22.70 22.90 
Net average, 1913-14:...........0...0.-2 21.65 | 23.75 | 23.95) 21.95} 20.70) 20.95 20.90 
FARCE AS OMe OUI GUA see 2s <2) Sete etciela cinicicl|'statne ofa sie hemes 26.52 | 26.21 DAC SGU re hers eee ieee 
INGifanerazen 1 9l2=1914e ss Soe See Pee ee ee ZOHO oH | 24 GON! 2a 3012 Sa Vas eh eee See 2 
Martin Amber, C. I. No. 1974: 
Lee ee ener a ota tors cleicnacierslciaie eraia all Sich = «:csape ee GEE CPA Bale R || Hebb tasoseecellaseds one 
RO Deyn ete saicratayt ares als mine o size cierarere’s eos 18.40 | 19.70] 19.00) 17.20 17.40 12. 40 14.7 
ST ee oe es oae AAO SEE eae Ee eae 22.60 | 27.00} 26.00] 24.90 | 27.80] 25.60 23.90 
PAG GRACO LOS V4 See SE oo miata are 2 20.50 | 238.35 | 22.50} 21.05 | 22.60] 19.00 19.30 
Net average, 1913-14..............2..... 20.00 | 22.60 | 21.50) 19.80} 21.10) 17.25 17.30 
AIGEEEG, TDUPST Gh ea, Bi te See 2 eee mee ee eee 2030451) 24064, i 2ts OS) |hapesesabekeee an 
iINetiavenace lOl2=1OL4 veo ie oe Soo eo oe|Se nscale Del BRA PAL) eee eles 2 Se 
Puleaster (Acme), C. T. No. 3115: 
Se ocista ia staienieis ccicia aes aicie.e sioraieiaiai| mie cise ome P=apyepnoeas PAIR PAE || A DY Speen ee aceeneee 
i919 erate atete atest aiereiesicicic lela sleleva'e ora elaleisia stet| siecle, cies tal | Serres 26. 87 25. 87 DANS POE. teat eee o 
LSE co ene ae a eh as oie semen Mm WERE oo: oe lo; FoR. Once eS - 
Eranle peuaW)C: I. No. 1957: 
era alte ioe Saeie Seja.sicicin ca ee slaealeiate aa [Sisiole min 2 See etalon) |p 20s 20) | eset Sel ae ae see lio mia ieees 
Missouri Bluestem, C. I. No. 1912: 
AL Sar Goce Sere ea a wallets aiail Salase:e.s:<7s | Seeneee DisOle lee 2o. Oe leeds oonl| eo cleceter Sec creees 
Kharkof, C. I. No. 3615: 
PO rameter icissccos = ci niaicoasccucene aie ale ll eiacie «,=:2): | Seer POA PAG Ne PPT Me sae Saee| boees sae 
Summary of averages: 
3 varieties in 1911.............. sabcae bcdnoleobesecs|isocnccce PEE |) PRECIOUS Y | beacaeee tse colar 
SPV AMIOUIES TVLOL QUIS SU ye sk. seeibe «cleans --2eeonenee 25 uO) |mode So) |ueooa a lel eeea sme lee c ye a 
May aIOuMesM) LOL Se So eee sen sedecececinees ce 18.45 | 20.15 | 19.40] 19.50] 18.37] 16.40 18. 80 
Mavanietles im OU) ye so 26.47 | 30.17] 31.82} 29.82} 30.85] 31.12 31.02 
PAUMEIalS TOUS = Tae hc eee a 22.46 | 25.16] 25.61 | 24.66] 24.61] 23.76 24.91 
Net average, HOPS STAR eee ee 21.96 | 24.41 | 24.61) 23.41 } 23.11 | 22.01 22.91 
AIH ger YASS AUD UREA Ia DTI ee ee 28. 75 27. 86 DBSASE | F525 a alte setae 
Maemeavenaea tO (914.0) 0 5 fain) cll... ++. {oaeenee. Pita CE | PASEN GL || AOU eee eel Rees 


1 Actual yield less the quantity sown. 
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When the difference in the rate of seeding is considered, the net 
yields of the Dietz from the 3- ~peck and 8- ane rates were practically 
the same, 24.20 and 24.10 bushels, respectively, with the other rates 
of ne averaging from 1 to 2 bushels lower. The net yields of the 
Fultz show that the 4-peck rate gave the best average result, 30.85 
bushels, with a consistent reduction when less or more seed was sown, 
except that the 8-peck rate gave a higher net yield than any: of the 
others except the 4-peck and 5-peck rates. 

The Stoner gave the highest net yields from the 3-peck and 4-peck 
rates, 23.75 and 23.95 bushels, respectively. The net yields from the 
other rates of seeding were from 2 to 3 bushels lower. The highest 
net yield from Martin Amber, 22.6 bushels, was obtained from the 

3-peck rate, with decidedly lower net ahlts ftom all the other rates 
except the 4-peck. 

The average for all four varieties which were grown at the seven 
rates of seeding in 1913 and 1914 show slightly higher net yields from 
the 3-peck and 4-peck rates than from any of the others. The net 
average yields from these rates are 24.41 and 24.61 bushels, respec- 
tively. There is a constant reduction in the average net yield from 
higher and lower rates of seeding, except that the 8-peck rate gives 
a yield of 0.9 bushel higher than the 7-peck rate. 

Although these tests have not been conducted long bveueh for the 
data to ine conclusive, it appears that quite as good or perhaps slightly 
better yields may be obtained when wheat is sown at the rate of 3 or 
‘4 pecks on fertile, well-prepared land than when sown at rates ranging 
from 5 to 8 pecks to the acre. As there is a decided saving of seed 
at the lower rates, these are to be preferred where conditions are 
similar to those existing on the Arlington Farm. It is not known 
how widely these results are applicable. 


EXPERIMENTS WITH WINTER SPELT AND EMMER. 


Spelt and emmer are closely related to wheat, but the spikelets do 
not break up in thrashing, as in wheat, the kernel remaining inclosed 
im the glumes. When the glumes are removed, the kernel is quite 
similar to that of wheat, not only in appearance but in composition. 
These grains are used chiefly as feed for domestic animals. Because 
the inclosing glumes give considerable bulk to the grain, the feeding 
value of sek ead emmer is about the same as that of oats or barley. 
These grains, particularly spelt, are not grown as generally in the 
South Atlantic States as experimental results seem to warrant. 

Varietal tests of spelt and emmer have been conducted at College 
Park since 1908 and at Arlington since 1910. The tests at College 
Park have included five varieties of spelt and two varieties and one 
selection of emmer. Only two varieties of spelt, one of emmer, and 
the emmer selection, however, have been grown for the entire six 
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years from 1909 to 1914. At Arlington the tests have included four 
varieties and selections of spelt, one variety of emmer, and one emmer 
selection. 


Taste VIIIl.—Tests of winter spelt and emmer at the Maryland Agricultural Experi- 
ment Station (College Park) and at Arlington Farm, Va., for the years stated. 


ANNUAL AND AVERAGE YIELDS. 


Yield per acre (bushels).! 


Crop and variety. . " : | | | 
: 1909 | 1910 | 1911 | 1912 | 1913 | 1914 | Ver 
4 age. 
AT COLLEGE PARK. 
Spelt: . 
PISUMOIM ere ce eiaci nos isi gach sical W773) I 52s ORn | mDoseie a nOte dal OOuTon iN ipae2c ll oso 63. 23 
UGceta | 2a al CESS aS eae 1772 43.07] 61.87 66. 27 72. 00 66.13 69. 73 63.18 
ae ee ANd oie say sie Scie ia.e)m wis Sela} 1724 54: SOR MRSS soi | Paensin ce |e secrets seer po eee bare Seta ee 
«EEE OE OEE eens 21774 22:\ Oe aero 208 | ere ste oe a] cca ess era ciate siei| ote etter | [Sreteiars hae 
White. 1byach {6 (21s ao aaa PEST aby sy/-|| (G(0,(14 Pete abl eRe pected Sppeades lscecesas ese cere 
Emmer: 
TALE Vth) desea es ee eet a 2337 | 21.07] 35.80) 45.20] 32.00] 36.80] 48.53 36. 57 
Black Winter selection.......---- 2337-1 21.47 | 33.47 47.07 36.67 | 34.13 | 318.93 31.96 
\WanG. A. GeCoe eae ee eee PATE PRG) BLEED) ooo ord sec eced Saeereee laceearoe Incrposee 
AT ARLINGTON FARM. 
Spelt: 
PANSTEOUMND «7 S5-5:-2 = <i Sap cideiaecce oli) me Wa Cul eenemnete 88.00) 50.67} 78.20] 51.33 | 102.20 74.08 
Alstroum selection 1......-.------ S2GHE ce oh Sere peers 48.00 | 89.67] 49.33 | 107.30 73.56 
OG PANWINIESS ccc ck emis sdee See eis ae |e 2 =, bokes 85.33 45. 00 79.89 54.00 | 97.10 72. 26 
RIG IR IS eae oe ate aha = cura Seiseeiae 1px eee ee 57.00 | 40.67 | 74.67] 48.33} 87.20 61.69 
' Emmer: 
(BTAGESWILIECE a2 =) oaccveizrstn owls me cmais 23 Bes os <ee 34.33 | 11.67] 30.67] 20.50] 14.50 22.33 
Black Winter selection.......-.-- ZO eal || salsa 36.67 | 19.87 | 34.67 (CB) air ern eee ol ee eae ae 


MISCELL ANEOUS DATA FOR THE PRINCIPAL VARIETIES FOR PERIODS OF FOUR TO SIX YEARS. 


Average date— average yield Aver- 

Num- gee hae aoe 
Aver- weight 

A C.I. | ber of 5 

Crop and variety. No rae age per 
Pir ede Ps : height. meas- 

8 ‘| Heading.| Ripe. Grain.!| Straw.| ured 
3 bushel. 

AT COLLEGE PARK. 

Spelt: In. Bush. | Lbs. Lbs. 
PAU STROUI Mee Morten oie cecias : 1773 6 | § May 23 | § June 23 42 | 63.23 | 62,950 24.8 
RedmAcwniesssss02 co 1772 6) ee doreee Sie} 22 41 63.18 | 63,030 24.0 

Emmer: ; 

Black NVINTORe)-— waco 55. 252. 2337 6 | 7 May 31 |8 June 28 45 | 36.57 | § 2,080 21.0 
Black Winter selection. ..._.. 2337-1 6 |..-do...-| 8 June 27 45 } 31.96 | 61,950 21.0 
AT ARLINGTON FARM. 
Spelt: 
Alstroum 1773 5 | May 26] June 23 41 74.08 | 3,100 30.5 
Alstroum selection 3264 4| May 28 | June 22 41} 73.56] 3,510 29.0 
‘Red Awnless 1772 5) |) Manygecon Peon tae 43 | 72.26] 3,280 29.6 
Servia 1724 5, 2 -d0eeeeieee Gores. 43 61.69 | 3,290 26.9 
Emmer: 
BLAGK VINOD. sos... cg2c ns eens 301 5 | May 31] June 26 41 22.33 1,940 25.5 
= + 
1 Bushels of 30 pounds each. 5 Accidentally mixed with original strain in thrashing. 
2 Identical with Servia, C. I. No. 1724. 6 Data for five years only. 
3 The low yield was due toa poor stand. 7 Data for three years only. 


4 Identical with Alstroum, C. I. No. 1773. 8 Data for four years only. 
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The methods of growing winter spelt and emmer are the same as for 
wheat. The date of seeding at College Park and Arlington has varied 
from October 5 to 15, the same dates as for winter wheat. The rate 
of seeding at both points has ranged from 8 to 12 pecks (60 to 90 
pounds) per acre. These grains are rather difficult to sow with the 
ordinary drill, because of their bulky nature. The usual method has 
been to set the drill to sow about twice the quantity of seed that was © 
really desired; that is;in order to sow 8 pecks per acre 1t was necessary 
to set the drill to sow 16 pecks. 

Table VIII shows the annual and average yields in bushels of 30 
pounds each of the spelts and emmers at College Park and at Arling- 
ton Farm, respectively. The average dates of heading and of matur- 
ity, height, yield of grain and of straw, and weight per bushel for the 
principal varieties at anor localities are ale shown. 

Table VIII shows that decidedly better yields of spelt ‘than of 
emmer have been obtained at both College Park and at Arlington 
Farm. The yields of spelt have been considerably higher at Arling- 
ton Farm than at College Park, while the yields of emmer at College 
Park have been higher than at Arlington Farm. ~ . 

Table VIII also shows that spelt matures about June 22, or at the 
same time as wheat, and that emmer matures about 4 or 5 days later. 
_The average height of plants of both spelt and emmer is about 34 
feet. The proportion of grain to straw is much greater than in wheat, 
but if the hull is removed from the kernel it is about the same as that 
of wheat. Owing to the large proportion of hull the weight per bushel 
is quite low. The average weight per bushel of emmer has been from 
3 to 5 pounds less than that of spelt. The weight per bushel in each 
varies considerably from year to year, due to the fact that in some 
years a much greater proportion of the kernels thrashes free from the 
hull than in others. 

These grains are very resistant to both stem and leaf rust; in fact, 
they are much more resistant to these diseases than wheat, oats, and 
barley. Of the two, emmer is believed to be the more resistant. No 
smut has ever been noted on spelt or emmer at either College Park or 
Arlington Farm. 

LEADING VARIETIES. 

The Alstroum, Red Awnless, and Servia spelts and the Black Win- 
ter emmer are the principal varieties of these grains which have been 
included in the tests at both College Park and Arlington Farm. 
Heads of all these varieties are shown in figure 3. 


SPELT. 
Alstroum.—The Alstroum spelt, C. I. No. 1773, was obtained by the | 


Office of Cereal Investigations in 1901 from the Washington Agri- 
cultural Experiment Station, Pullman, Wash. ‘This station intro- 
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luced it originally from Asia. It is an awnless, white-glumed, very 
stiff strawed variety. The head is 24 to 3 inches in length, erect, 
nuch more slender than that of wheat, and very compact. This 
variety has averaged 63.23 bushels to the acre in a 6-year test at 
Jollege Park and 74.08 bushels in a 5-year test at Arlington Farm. 
t has given a higher average yield at both places than any other 
rariety of spelt oremmer. A selection from Alstroum has been grown 
it Arlmeton Farm for 4 years, during which time it had an average 
rield 3 bushels higher than that of the original variety. 


t 


wn aig GP IIE EE 


‘IG. 3.—Heads of three varieties of spelt and one variety of emmer grown at the Maryland Agricultural 
Experiment Station and at Arlington Farm: 1, Alstroum spelt; 2, Red Awnless spelt: 3, Servia 
spelt; 4, Black Winter emmer. 


Red Awnless—The Red Awnless spelt, C. I. No. 1772, was also 
ybtained by the Office of Cereal Investigations in 1901 from the 
Washington station. Like the Alstroum, it came originally from Asia. 
tis very sumilar to the Alstroum, except that the glumes are brown- 
sh red in color; hence the name. The average yield of the Red 
\wnless spelt was 0.05 bushel less than that of Alstroum at College 
ark and 1.82 bushels less at Arlington Farm. 

Servia.—The Servia or ‘‘ White Bearded” spelt, C. I. No. 1724, 
ame originally from Serbia; hence the name. This variety was 
ybtained at the Paris Exposition in 1900 by Mr. M. A. Carleton, 
Jerealist of the United States Department of Agriculture. This spelt 
s not unlike the Alstroum in appearance, except that it is bearded. 
The heads are slightly longer than those of the awnless varieties and 


80 BULLETIN 336, U. S. DEPARTMENT OF AGRICULTURE, 


are less erect. The awns are slender, medium long, and very stiff. 
This character renders it more or less unpleasant to harvest and 
thrash. The average yield of the Servia spelt in a 5-year test at 
Arlington Farm was 12.39 bushels less than that of the Alstroum. 
This variety was discarded at College Park after a 2-year trial. 


EMMER. 


Black Winter.—The Black Winter emmer,! C. I. No. 2337, which 
has been grown in field plats at College Park and Arlington Farm 
was obtained in 1904 from a seed firm in Paris. Several earlier 
importations were grown in nursery rows only. The plant and head 
characters of emmer are quite different from those of spelt. The 
whole plant is larger, the leaves are wider, and the stem is larger in 
* diameter. In the Black Winter (Black Velvet Winter) the heads are 
of a grayish black, velvety appearance; hence the name. The heads 
are quite large, bearded, compact, and much flattened. The awns 
are very long, heavy, and spreading. The yields of winter emmer at 
College Park have invariably been lower than those of spelt, the 
average for six years. being 36.57 bushels as compared with 63.23 
bushels for Alstroum spelt. A much greater difference in favor of 

spelt has been recorded at Arlington Farm, where the average yields 
were 22.33 bushels for emmer and 74.08 bushels for spelt. 


EXPERIMENTS WITH WINTER RYE. 


A varietal test of winter rye has been conducted at Arlington Farm 
since 1911. The rye varieties have not been grown in adjoining plats, 
but have been interspersed at more or less definite intervals through- 
out the series of wheat varietal plats. By this method the danger of 
_cross-pollination among the rye varieties was greatly reduced. The 
test at Arlington Farm has included 12 varieties and selections of 
winter rye. No tests have been conducted at College Park. 

The date of seeding for winter rye has varied from October 5 to 15. 
This is earlier than rye is usually sown in farm practice. However, 
the high yields that have been obtained each year by early sowing 
seem to indicate that the crop is usually sown too late to insure the 
best results. All varieties have been sown at the rate of 6 pecks to 
the acre. 

The annual and average yields of these 12 varieties and selections 
for the four years from 1911 to 1914, inclusive, are shown in Table IX. 
The average dates of heading and of maturity, height, yield of grain 
and of straw, and weight per bushel for these varieties_are also shown. 


1¥For a more complete discussion of winter emmer, see Carleton, M. A., Winter emmer, U.S. Dept. 
Agr. Farmers’ Bul. 466, 24 p., 8 fig., 1911. 
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TasLe IX.—Tests of twelve varieties and selections of winter rye grown at Arlington 
Farm, Va., 1911 to 1914, inclusive. 


ANNUAL AND AVERAGE YIELDS. 


. Yield per acre (bushels). 


Variety. N a Average. 
1911 1912 1913 1914 
| 1911-1914 | 1912-1914 
GHETTUMUVILOUOIN thn tae tho. hese res 30 | 21.70} 37.45] 36.30] 36,10 32. 89 36. 62 
| Virginia Wipter....... Pea FUT APO Sy Sa 128 | 24.30] 31.61-| 27.20} 38.60 30. 43 32.47 
TOT ay TEU occ 2 ae A Ce ete ens ee 126 | 22.30 | 35.84} 25.70 | 35.50 29. 34 31. 68 
Amimetonvwinten: 2828522 ee dee. 127} 15.60] 32.68] 26.80] 41.10 29.05 33. 53 
Guantueywanter2s.o...2252--2-2- eee fareicae 30 23.80 23.93 29. 50 35. 70 28, 23 29.71 
Mexican........- Brea eis ytls eecteve, Seth nies 108 | 14.30] 35.54 | 28.20] 31.80 27.46 31.85 
DUI cee ert hay srevlre Seine sss skis se 73 5.50 | 30.59 | 36.10} 35.50 26, 92 34.06 
TECNICA, 2 ass Bt Ce eee ee 34 | 12.30] 37.68 | 21.40] 34.50 26.47 31.19 
LAVACA ea 40) eee Te Os OOMMNO GO ode nl eae srace e. 35. 89 
TEICVASC\ ey oa es 138)| oe 32.00"), 34.30) 26.80 |--.-..2--- 31. 03 
Giant Winter selection...........-...-.-.- 30)\'| See SOs 24. OOM te GON OO: ere rcpeeee = 28. 78 
IR AUSGIGCHION. on oi inte nae eine = 126 | oscaeeee aout2)| 438.00) 525522. Rceaes eka ais 


MISCELLANEOUS DATA. 


Ay Field pe 

Num- | Average dates— cee is erage vila igen Average 

Variety C.1. | ber of ye Weight 

agai No. NSPE | height aT een LT OLY 

§TowN.| Feaded. | Ripe. Grain. Straw, | Pushel. 

Inches. | Bushels. | Pounds. | Pounds. 
Giant Winter!...........- 30 4|.May 7] June 18 59 32. 89 3, 700 55.1 
Virginia Winter......-..... 128 4| May 5]..-do..... 61 30. 43 3,570 54.6 
Rim pauses ceo seco ee 126 4] May 12] June 26 57 29. 34 4, 250 52.8 
Arlington Winter.......... 127 4|May 7] June 20 62 29.05 4,350 55,4 
Giant Winter 2: ...-....:--- 30 4| May 6] June 21 58 28. 23 3, 730 53.9 
Moexicameece yao 280550 52 108 4} May 1] June 16 59 27.46 3, 560 54.9 
SPURS Stee ee clase cies 73 4| May 5] June 18 58 26. 92 3, 360 55.5 
INVERN Ae oe See 34 Andee June 19 58 26. 47 2,990 54.4 
UDTULZZESES apes Se es 40 3 | Apr. 28 | June 16 63 35. 89 4, 660 54.7 
IS eiiyAhe Geet Geena seek? 138 3 | Apr. 29 | June 17 62 31.03 54,870 54 3 
Giant Winter selection... . 30 3| May 3] June 20: 60 28.75 3,710 54.3 
Rimpau selection. ....-..-. 126 2) May 11] June 27 57 35. 86 6 3,150 53.0 

1 California strain. 4 Not comparable because of abnormal soil conditions. 
2 Native strain. > Data for 2 years only. 


3 Grown prior to 1911 as aspring variety. . ®§ Data for 1 year only. 


As shown in Table IX, Giant Winter, C. I. No. 30, is the leading 
variety in yield of those tested four years. The Abruzzes, C. I. 
No. 40, which has been grown only three years, is only slightly 
lower m yield than the Giant Winter for that period (fig. 4). The 
lowest average yield for the four years was obtained from the Ivanof, 
C. I. No. 34. The differences in yield are slight, however, and a test 
for a longer period may show a quite different ranking. 

According to the data in Table IX, the period between heading 
and ripening in rye is about 6 weeks. This is about 2 weeks longer 
than in wheat. The average date of heading in the 12 varieties and 
selections has varied from April 28 to May 12 and the average time 
of ripening from June 16 to 27. The average height of the plants has 
been about 5 feet. The average yield of straw of those tested four 
years has varied from 2,990 to 4,350 pounds. The data on yield 
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of grain and straw indicate that the proportion of grain to straw in 


rye is somewhat less than in wheat. The average weight per bushel 


has been about 14 pounds below the standard, with little variation 
between individual varieties. , 


LEADING VARIETIES. 


The number of distinct varieties of rye is quite small. A large 
number of the so-called varieties have no particular distinguishing 
characters. It has been found at Arlington Farm that the several 
distinct varieties are becoming harder to recognize from year to year, 


despite the precautions that are taken to prevent cross-pollination, | 


Fie. 4.—Heads of f our varieties of winter rye grown at Arlington Farm: 1, Giant Winter; 2, Virginia 
Winter; 3, Abruzzes; 4, Henry. 


It is believed that eventually it will become necessary to discontinue 
all but the one variety that possesses the most desirable characters 
and then improve this one isolated variety. The different varieties 
grown at Arlington Farm during the past four years are all of more 
or less promise. For this reason the origin and a brief mention of 
each are given in the followmg paragraphs. 

Giant Winter.—The Giant Winter rye, C. I. No. 30, was obtained 
from France through the Office of Foreign Seed and Plant Introduc- 
tion in 1902. The three strains of this variety in Table IX are all 
from the same original stock. The California stram was obtained 
from that State in 1910, in order to compare it with the strain which 
had been grown continuously in the East since the importation of 


ae 
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the variety. In a 4-year test, the strain previously grown in Cali- 
fornia for eight years has outyielded the eastern-grown strain by 
slightly more than 4 bushels. Whether this increased. yield was due 
entirely to the fact that it had been grown under California condi- 
tions for several years the writer can not say. 

The Giant Winter selection was developed from an individual head 
selected at Arlmgton Farm. In a 3-year test it has given a lower 
average yield than the old strain. The Giant Winter is a very tall, 
large, and vigorous stiff-strawed variety. The heads are medium 
long, slightly flattened, compact, and tapering more or less toward 
the apex. The kernels are long, fairly plump, and of a brownish 
yellow color. 

The Virginia Winter, C. I. No. 128, and Arlington Winter, C. I. 
No. 127, are very similar to the Giant Winter. The former is a pedi- 
oreed strain that has been developed at Arlington, while the latter 
is a mass selection from a commercial variety that is grown exten- 
sively on the Arlington Farm for green-manuring purposes. Both 
have produced very satisfactory yields. The variety C. I. No. 73, 
originally a spring rye, is also quite similar to Giant Winter. This 
‘ variety was obtained from Mr. F. W. Boehme, Geneva, Idaho. Only 
about 15 per cent of the plants survived the winter the first year it 
was sown at Arlington Farm. The next year and thereafter it 
_ behaved as a true winter variety. It is quite possible that the seed 
that was sown the first year contamed a mixture of a winter rye, 
which accounted for the few plants that did not winferkill. The 
yield of this rye in succeeding years compared favorably with that of 
the other varieties. 

Abruzzes.—The Abruzzes or Abruzzi rye, C. I. No. 40, was intro- 
‘ duced into the United States from San Giovanni a Teduccio, near 
Naples, Italy, in 1904. This rye does not differ greatly in ,appear- 
ance from most of the varieties previously mentioned, yet when pure 
it can usually be recognized readily. It is the tallest of all the varie- 
ties that have been tested at Arlington Farm. The heads are long, 
nearly square, and well developed. They are less tapering than in 
most ryes, holding their width until quite near the tip. The kernels 
are large, plump, and of a dark-brown color. The quality of grain in 
this variety is probably the best of any that have been grown at 
Arlington Farm. Because of its tall, slender straw the Abruzzes is 
quite likely to lodge when grown onrichland. This variety is becom- 
ing quite popular in many sections in the South Atlantic States. 

Mexican.—The Mexican variety, C. I. No. 108, was obtained from 
Tlaxcala, Mexico. In general appearance it is quite similar to the 
Giant or Virginia Winter type. However, the whole plant is less 
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vigorous, the stems are more slender, and the heads and kernels are 
both oe The kernels are aloe in color and usually quite well 
developed. 

Ivanof.—The Ivanof rye, C. I. No. 34, was introduced into this 
country from Russia by Prof. N. E. Hansen in 1898. In general 
appearance and plant characters it is practically the same as the 
Mexican. 

Rimpau. —The Rimpau rye, ©) Teo: 126, was introduced from 
Germany in 1910. The seed was purchased aon Mr. W. Rimpau, 
a noted German cereal breeder, Schlansted, Saxony, and was known 

s ‘‘Old Breeding.”’ It is a rather more fle variety than any of 
those previously mentioned. It is decidedly the latest maturing rye 
included in the tests at Arlington. The leaves are much broader 
than those of other varieties. Because of this character it is more 
frequently recommended than others where a hay variety is desired. 
The heads are drooping, very large, nearly square, and are borne upon 
a large but not very stiff straw. The kernels are medium long, broad, 
shrunken, and blue in color. The quality of grain in the Rimpau 
variety is inferior to that of any other included in the trials at Avling- 
ton. The shrunken condition of the kernel is apparently due more - 
to an inherent characteristic of the variety than to environment. 

The Rimpau selection is a pure line of this variety which was 
selected at Arlington Farm with the intention of improving the qual- 
ity of grain, although no marked improvement was effected. The 
straw 6i tls particular strain was quite weak, and for this reason it 
was discontinued. 

Henry.—The original source of the Henry rye, C. I. No. 138, is not 
known. This rye when pure is quite different in appearance from any 
other here discussed and it usually can be identified readily. The 
heads are short and very broad at the base, giving them a spear-shaped 
appearance. The kernels are quite similar to those of the Abruzzes, 
except that they are a little lighter brown in color. In yield the 
Henry rye has been less satisfactory than the Giant or Virginia 


Winter. 
EXPERIMENTS WITH WINTER OATS. 


Fall-sown oats succeed much better than spring oats in southern 
and eastern Maryland and in Virginia east of the Blue Ridge. Spring- 
sown oats give fairly good results in particularly favorable seasons, 
but the crop is not at all a reliable one. Therefore, most of the ex- 
perimental work that has been done at College Park and Arlington 
Farm with oats has been with fall-sown varieties. 

Varietal tests of winter oats have been conducted in field plats at 
College Park since 1908 and at Arlington Farm since 1911. Prior to 
1911 this crop was grown only in the nursery at Arlington Farm. 
The trials at College Park during the seven years have included 13 
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varieties and selections, of which only 5 have been grown since 1911. 
At Arlington Farm 19 varieties and selections have been included, of 
which 14 are still grown. 

The varietal tests of winter oats at College Park have been sown on 
the following dates: October 16, 1907; October 9, 1908; September 29, 
1909; October 9, 1910; September 20, 1911; October 1, 1912; and Octo- 
tober 4, 1913. At Arlington Farm the dates were September 23, 1910; 
September 8, 1911; September 11 and 14, 1912; and September 29 
and 30, 1913. The average date of seeding at College Park has been 


_a little more than 2 weeks later than at Arlmgton Farm. | Experience 


has shown that in most years the date of seeding at Arlington 
Farm has been too early for the best results. It is believed that if 
the seeding of winter oats is delayed until late September. or early 
October in this locality, more satisfactory yields usually wul be 
obtained. At higher altitudes than Washington, D. C., earlier seed- 
ing is advisable. , 

The rate of seeding at College Park was 10 pecks in 1908, 1910, 1911, 

and 1912; 104 pecks in 1909; and 8 pecks in 1913 and 1914. No atten- 
tion was given to size of kernel in determining the rate of seeding for 
the several varieties. At Arlington Farm in 1911 the Winter Turf 
was sown at the rate of 8 pecks, the Bicknell and Culberson at the 
rate of 10 pecks, and the Red Rustproof at the rate of 14 pecks. In 
the succeeding years the 8-peck rate was used for all varieties 
except the Red Rustproof, which was sown at the rate of 12 pecks. 
These rates have been found quite satisfactory, although it is believed 
that a rate of 6 pecks is ample for the Winter Turf. The kernels of 
this variety are small and the plants are hardier and stool more freely 
than those of the other varieties; hence, less seed is required. 
- The low yields obtained from most of the varieties and selections 
grown at Arlington Farm in 1912 were directly due to winterkilling, 
a minimum temperature of —13° F. having been recorded. ‘Thus, 
the yields of that year are a fair index of the relative hardiness of the 
several varieties and selections. | 

The annual and average yields per acre, in bushels of 32 pounds 
each, of the varieties and selections included in these tests are pre- 
sented in Table X. 

The Winter Turf, C. I. No. 180, has produced the highest average 
yield, 51.3 bushels, in the 7-year test at College Park. The Winter 
Turf selection, C. I. No. 274-1, ranks second, with an average of 
48.37 bushels, and the Culberson, C. I. No. 273, third, with 46.3 
bushels. The Bicknell, C. I. No. 206, which has been grown only 
six years (1909-1914), has an average yield of 49.88 bushels for that 
period, as compared with 49.3 bushels for the Winter Turf, 48 bushels 
for the Winter Turf selection, and 46.95 bushels for the Culberson 


._ for the same period. 


“v 


36 BULLETIN 336, U. 


S. DEPARTMENT OF AGRICULTURE, 


TaBLE X.—Annual and average yields of varieties and selocan of winter oats grown at 
the Maryland Agricultural Experiment Station (College Park) and at Arlington 


Farm, Va., for the years stated. 


Yield per acre (bushels). 


Aver- 
age. 


Group and variety. Sas 
1908 1909 1910 1911 1912 1913 1914 
COLLEGE PARK (13 VARIE- 
TIES AND SELECTIONS). 
Culberson: 
Gulbersonss.. eee 273 | 42.37 | 46.75} 40.90] 50.35} 54.37] 41.16] 48.20- 
Bicknell: 
Bicknell: ..f2¢--8st202 252 206) || See eeee 65. 24 38.90 | 53.56 47.54 44.92 | 49.10 
Red Rustproof: 
Red Rustproof..---.---.- 5184/14 26523 SO Rae e422 50 Mie S523 0b | eae eee | eens eer a 
Ap plenscosee tec bese nee Bi! ia Me Gar 0 Pa 2 (RED) fe ees akc el tiscose ae ecteqoen See 
Turkish Rustproof: 
Turkish Rustproof.....-. A) BGO) REE 70 (eae se Se 57.34 AOL Gia sees reer aera sree 
Winter Turf: 
Wanter unis 2sses se 180 | 63.31 | 33.47] 46.70 | 52.32] 66.22 | 49.00] 48.10 
Doswwek: seed betes apy pees eoe ABuS D1 (43; OOS ek eee epee eel EAI LS he Bi ha 
DOs a kecee eee eaten 203 52.47] 34.78] 39.10 | 56.98 | 22.16 49.21 49.00 
IDO are es HE eas - PUM ECR PARE NG) 9) legaanosclosecoa= LTE TG | Seg es Pal ae 
Winter Turf selection...| 274-1 50. 61 38. 72 43.60 | 54.30 | 47.44 46. 63 57.30 
Winter sit emes ere 436 | 44.57] 49.95 | 46.00] 56.86 | 23.31 |.-2...--].-...... 
DTT Sees ne renee a 442) 3:50:86)! “BiaOoh| ssce- 2c eaaeeeee | See eae eee Eee | oem 
Miscellaneous: 
Boswell Winter.....-..- 480 3194) hg AQ hi. Ss Se ee eel ea | eee 
A] 
ARLINGTON FARM (12 VARI- 
ETIES AND SELECTIONS). 
Culberson: 
Gullbersonst2.s seee= ses. PRR ears al PEE, ak e,2 40.90 |119.52 | 233.50 | 354.60 
Culberson selection... -- PAB Me) ees reed he sl Peers oe 49.40 | 24.53 | 31.90 | 58.50 
DOs. eo See eae as 273-20 feces si che Pease [ec scsi 15.00 | 28.80 }-.....-- 
DOz. Asset ae GbL gates esa. Sele ee 42.80 4.75 19.70 | 49.30 
DOP ce aeaieseate eos SLT ae Se ee, ye | ee ee 48.80 | 21.50-| 42.70 |--.--..- 
Bicknell: 
Bicknell.see ose oe ee QOG A eceecc se lst oe Ce eee 33.10 4.75 36.60 | 59.10 
Bicknell selection-.- 206=34|9-3 52) ee ee ee ee 38. 80 10. 44 49.80 | 57.60 
DOw seat seek aes Pb) oe fig I en (AT lb pes 40.00 10.84 46.60 | 53.5 
Opis tae oe a 206H10 5 25) SE eee es tees 40.00 Pps |e as 28 aie 53. 00 
Red Rustproof: 
Red Rustproof.....-..--- 256r 52-22 2e2 |? See ee 52. 50 BAL) AQ TAO HE Sa ae 
Red Rustproof selection.| 518-3 |----.-._|--....--J-.-2---- 63.10 5.94 | 43.40} 61.90 
Doster rea eee SI Pee oae acres aos secaonss 50. 00 MTS ss eee alates Ie 
Red Rustproof.-.-....-.- OV eecaues beaccess|sesaces" 60. 30 GES Kot 0d saae hee 
Winter Turf: 
Winter Turf selection .-.._| 274-20 }--......|.---....|-------- 26.30 | 20.75 | 46.60] 64.40 
Wainterenirie oe. eee eA E eu SNA be Be Sse || St Sie 36.30 | 18.75 | 40.00] 67.20 
1D (OES ARBRE SE aaa AB Yea adel 0 al yee epeest| cog tee 29.40 | 25.31 40.00 | 61.90 
Doster: setae ee ABH 2 ss aeee | Mere ees 34.10 | 24.69 | 35.90] 64.10 
Miscellaneous: 
Selection from) Appleri4é: 259-11 aE - eae oe ees |e es ees | See ee ee 81.30 
[owiehe Seas esses eke 108) | Sacco =| sce eee Se b= Son | Se ees eens See ae 59. 50 


1 Average of 3 check plats. 
2 Average of 5 check plats. 


At Arlington Farm the 


3 Average of 7 check plats. 
4 Distinct from the original variety. 


highest average yield for the four years 


(1911-1914), 43.59 bushels, was produced by the Red Rustproof 


selection, C. I. No. 518-3. 


The Culberson selection, C. I. No. 273-19, 


has averaged 41.08 bushels for the same period, while the four lots 
of Winter Turf and the best Bicknell selection (C. I. No. 206-3) are 


only shghtly lower in yield. 


LEADING VARIETIES. 


- 


Four varieties of winter oats have been of importance at both the 
the Maryland station and Arlington Farm. These are the Bicknell, 


Culberson, Red Rustproof, and Winter Turf. 


Several strains or 
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selections of each have been grown at Arlington Farm each year 
except of the Red Rustproof, of which only one selection has been 
grown during the entire four years. At College Park only one 
strain of each variety except the Winter Turf has been grown con- 
tinuously. Of the latter, three strains have been included. The 
average dates of heading and maturity, height, yields of grain and 
of straw, and weight per bushel of the more important varieties and 
selections at the Maryland station and at Arlington Farm are shown 


in Table XI. 


Taste XI.— Miscellaneous data for varieties of winter oats grown at the Maryland Agri- 
cultural Experiment Station (College Park) and at Arlington Farm, Va., for the years 
stated. 


Num- Average date— preeevicld Der Average 
: C.I. | ber of Nae 5 weight 
Group and variety. ei en ae 
No. years eit |r eae per 
8TOWN. | Headed. Ripe. Grain. | Straw. bushel. 

COLLEGE PARK (6 VARIE- 

TIES), 1908 TO 1914, IN- 
CLUSIVE. 

Winter Turf: Inches. | Bushels. | Pounds. | Pounds. 
Winter Turf.......-..- 180 7 || May 27 |! June 28 41 51.30 | 22,480 3 30.4 
Winter Turf selection..| 274-1 Zee duiner 2: |2esdoleens |i 48.37 | 22,640 3 30.6 
Winter Turf.--........ 203 7 |tJune 1 |-.-do'....} 39 43.39 | 32; 300 3 33.0 

Average for group...-|.......-]-.------ May 31 |.-.do.!...| 40.3 47.69 2,470 31.3 

Bicknell: : 

Picknelive os... 22-22 206 6 |'May 19 |\June 18] 36 49.88 2, 150 439.3 

Culberson: ; 
Culberson.......-.--:-- 273 7 |4May 22 |4June 20 38 46.30 | 2 2,380 3 30.0 

Red Rustproof: 

Red Rustproof..-...-.- 518 5 |{May 21 |!Jume 23 | 135 34.91 | 11,820 129.7 

ARLINGTON FARM (11 Va- 

RIETIES AND SELEC- 
TIONS), 1911 TO 1914, IN- 
CLUSIVE. 

Red Rustproof: 

Red Rustproofselection| 518-3 |.....-.- May 2) | June 12 33 43.59 2,000 27.3 

Winter Turf: 

Winter Turf... -.-...- LOU PN Sexe June 1 | June 26 39 40. 56 2,610 32.5 

100 See ocee eee Beeaeae 435) |zpieeecs = May 30} June 24 38 39.70 2, 680 33.6 
Winter Turf selection. .| 274-20 |-......- May 31 |-.-do-..-| * 38 39.51 2,340 29.5 
Winter “Durf....-----.. ASS Paseo a|mce do....| June 25 38 39.15 2,680 31.9 

Bicknell: : 

Bicknell selection... ...- 206-3) |Eeeene ee May 22 | June 11 34 39.16 2, 250 34.5 
IDQSS5 at seeoeesocacc ANG Noam Sasee May 24 | June 13 34 37.74 1,970 34.6 
lmrtelgots NS Sse eeense 20GH Essen = May 22 |...do....- 34 33. 39 2,150 35.1 

Culberson: 

Culberson selection..... BAG) ones May 28 | June 15 34 41.08 2, 330 32.0 
@iulberson.- 3. 2)-<52---- OSS hte eee eels May 27 |..-do.....| 34 37.14 2,330 33.0 
Culberson selection... - - Gail Geaesoe May 24 | June 12 34 29.14 1,970 30.7 

Summary of averages for 

Arlington Farm: 
SOUR USUME Olen. cc aaa] ce screa| oo cise May 20 |...do.._. 33 43.59 2,000 27.3 
4) WG Ge IOS Bee ere ee epee ees srs May 31 | June 25 38.3 39.73 2, 580 31.9 
PEO ICKMOlM Mtns see al aceact| ec ee ser May 23 | June 12 34.0 36. 76 2,120 34.7 
SMUMUM OLSON = cresiaa aie cec| 6 fee ee acee coc May 26 June 14 34.0 35. 79 2, 210 31.9 


1 Datafor 3 yearsonly. ?Datafor6yearsonly. *% Datafor5yearsonly. «4 Data for 4 years only. 


The data on the average date of ripening at Arlington Farm (Table 
X1) show that the Bicknell and Red Rustproof ripen about 2 weeks 
earlier and the Culberson from 10 days to 2 weeks earlier than the 
Winter Turf. The data for College Park show less difference among 
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the varieties, though the Winter Turf is several days later than any 
of the others. The average height of the Bicknell, Culberson, and 
Red Rustproof is about the same, 34 inches at Arlington Farm and 
35 to 38 inches at College Park. The Winter Turf is about 4 inches 
taller than the other varieties at both places. The Winter Turf has 
produced the highest yields of straw and the Bicknell the highest 
weight per bushel. The Red Rustproof has been lowest both in yield 
of straw and in weight per bushel. ; 

Descriptions of the more important varieties and selections are 
given in the following paragraphs. Heads of these varieties are 
shown in figure 5. 


Fia. 5.—Heads offour varieties of winter oats grown at the Maryland Agricultural Experiment Station 
and at Arlington Farm: 1, Culberson; 2, Bicknell; 3, Winter Turf; 4, Red Rustproof. 


Bicknell.—The Bicknell oat, C. I. No. 206, was obtained from 
Argentina by the United States Department of Agriculture in 1902, 
through Mr. F. W. Bicknell. The panicles are small and rather dense. 
The short, buff kernels are usually very plump, so that the weight per 
‘bushel is high. This variety is one of the earliest to mature, usually 
ripening about June 12 to 15. The Bicknell has yielded slightly 
more than any other variety for the six years it has been grown at 
College Park, where it has produced quite consistently high yields 
every year. At Arlington Farm the original variety has averaged 
10.2 bushels less and the best selection 4.43 bushels less in a 4-year 
test than the highest yielding variety in the test, which was a Red 


CEREAL EXPERIMENTS IN MARYLAND AND VIRGINIA. 39 


Rustproof selection. The Bicknell was injured more than either 
the Winter Turf or Culberson by the severe cold in January, 1912. 
There is little difference in the appearance of the original variety and 
of the pure-line selections from it which have been grown at Arlington 
Farm, but in a 4-year test C. I. No. 206-3 has averaged 5.77 bushels 
and ©. 1. No. 206-7 4.35 bushels to the acre more than the unselected 
stock of C. I. No. 206. 

Culberson.—The Culberson oat is supposed to have originated as a 
mass selection from the Red Rustproof, as commercial stocks of that 
variety usually contain mixtures similar to the Culberson. It grows 
jaller than the Red Rustproof and has larger, more spreading panicles 
umd much smaller kernels. The kernels are decidedly variable in 
olor, ranging from white through brown to grayish black. The 
strains which bear brown or black kernels do not differ otherwise in 
yppearance from the white-kerneled strains. In commercial stocks 
of the Culberson at least 90 per cent of the kernels are usually white. 
Phe Culberson matures 2 or 3 days later than the Bicknell and Red 
Rustproof and about 10 days earlier than Winter Turf. 

Only the original stock of the Culberson, C. I. No. 273, has been 
neluded in the tests at College Park. This variety has been very 
sonsistent in yield, ranging from 40.9 to 54.37 bushels during the 
seven years, with an average of 46.3 bushels. This average yield is 
ower than that of the Winter Turf and is also lower than that of the 
Bicknell for the six years during which that variety has been grown. 
The yield of the Culberson was considerably higher than that of the 
Red Rustproof for the five years from 1908 to 1912. At Arlington 
farm the original stock of the Culberson has produced an average 
yield of 37.14 bushels in the four years from 1911 to 1914. The 
uverage yield of the Culberson at Arlington Farm was from 2 to 3 
oushels lower than that of the various strains of the Winter Turf, 
tbout 64 bushels lower than the best Red Rustproof, and 2 bushels 
ower than the best selection from the Bicknell. The average weight 
per bushel of the Culberson at Arlington Farm for the four years was 
33 pounds, which is higher than that of any other variety except the 
Bicknell. 

Two selections from the Culberson, C. I. No. 273, have been grown 
‘or four years at Arlington Farm. These are C. I. Nos. 273-19 and 
351. The former is a pure line with brown kernels, which otherwise 
s not distinguishable in appearance from the original stock. It has 
exceeded the unselected variety in average yield by nearly 4 bushels. 
J. I. No. 651 is a selection (No. 5) which was made in 1908 by Prof. 
J. A. Mooers at the Tennessee Agricultural Experiment Station. It 
matures about three days earlier than the original Culberson, produces 
less straw, and has brownish black kernels. It is apparently less 
hardy than the original stock, as it winterkilled much more in the 
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severe winter of 1911-12. The average yield for the four years is 8 
bushels less than that of C. I. No. 273. 

From the records at Arlmgton Farm and College Park in 1912, the 
Culberson appears to rank next in hardiness to the Winter Turf. It 
matures early, produces good yields of grain and straw, and because 
of its hardiness is apparently one of the best varieties for growing in 
this locality. This variety makes a heavier growth of straw and leaves 
than the Bicknell or Red Rustproof and is to be preferred to those 
varieties for the production of hay. 

Red Rustproof—The Red Rustproof is supposed to have been 
developed from Avena sterilis, a species of wild oat which is native to 
the countries surrounding the Mediterranean Sea. This variety has 
been grown for many years in the southern United States. Its origin 
is not definitely known, though probably it was imported from 
southern Europe. Numerous names have been applied to the Red 
Rustproof and selections from it. These names include Texas Red 
Rustproof, Texas Red, Appler, Bancroft, Cook, Hundred Bushel, 
and Lawson. Some oF the selections snes are Sune rer to the 
original variety. 

The Red Rustproof has stiff, rather short straw, with small, short, 
branched heads. The ken de are large, are almost always ced 
and usually bear basal bristles.” The second kernel in the ele len 
which is only slightly smaller than the first, usually bears a weak awn. 
The awns, basal bristles, and the long points of the lemmas prevent 
the emda from saci closely and hence cause the weight per 
bushel of this variety to be low. They also make it difficult to sow 
with the grain drill, as the seed does not feed freely. The average 
weight per bushel at Arlington Farm was 27.3 pounds, as compared 
with 33 pounds for the Culberson and 33.6 pounds for the best strains 
of the Winter Turf in the same years. The Red Rustproof ripens at 
about the same time as’ the Bicknell and two or three days earlier 
than the Culberson. 

The Red Rustproof is the oat which is most commonly grown from 
both fall and sprmg seeding in the Southern States. In the vicinity 
of Washington, D. C., it is near its northern limit of winter hardiness, 
as was shown by the low yield produced at Arlington Farm in 1912 
and the total failure at College Park that year. In favorable or even 
in ordinary years the Red Rustproof produces yields as good as or 
better than those of the Culberson and Winter Turf. In severe win- — 
ters this variety may be expected to winterkill almost completely. 

At College Park the only lot of Red Rustproof which was grown 
more than one year was C. I. No. 518. This strain produced a low 
yield in 1908, good yields in 1909, 1910, and 1911, and was a total 
failure in 1912. It was not grown in 1913 and 1914. At Arlington 
Farm two unselected lots of the Red Rustproof, C. I. Nos. 256 and 548, 
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were grown from 1911 to 1913. During these years they produced 
slightly larger yields than any other varieties included in the tests 
except the Red Rustproof selection, C. I. No. 518-3. Like most com- 
mercial stocks of the Red Rustproof, they contained a considerable 
mixture of other varieties and hence were discarded after the 1913 
crop was harvested. A pure-line selection from the Red Rustproof, 
C. I. No. 518-3, has been grown from 1911 to 1914, with an average 
yield of 43.59 bushels to the acre. This average yield is 24 bushels 
higher than that of the best Culberson selection and 3 bushels higher 
than that of the best Winter Turf. 

Winter Turf.—The panicles of the Winter Turf oat are medium to 
large, containing about the same number of kernels as those of the 
Culberson. The kernels are small to medium in size and grayish white 
or brownish white in color. The veins on the flowering glumes are 
distinctly darker than the ground color of the glume, giving a striped 
appearance to the kernel. In favorable seasons the kernels are plump 
and the weight per bushel is high. The variety is late in maturing, 
usually ripening about the end of June in the locality of Washington. 

The Winter Turf is commonly grown from fall seeding or from 
very early spring seeding in the northern half of the Southern States. 
It does not yield well in the Gulf States. This variety is variously 
known as Winter Turf, Grazing, Gray Winter, Virginia Winter, 
Dewey, Snoma, etc. It is the hardiest of all the winter oats, having 
produced nearly as good yields after the severe winter of 1912 as in 
ordinary years. ‘This variety is extensively grown for grazing; hence 
one of the names. Its fall growth is distinctly turflike, somewhat re- 
sembling that of winter rye. The Winter Turf stools more freely 
than other varieties of winter oats and produces a taller and more 
slender straw. For these reasons it is quite likely to lodge, and this 
tendency is further mcreased by its late maturity and consequent 
exposure to a greater number of storms than the early varieties. 

Three lots of the Winter Turf, C. I. Nos. 180, 203, and 274-1, the last 
a pure-line selection, have been grown for seven years at College Park. 
Four other strains have been grown from two to five years. C. I. 
No. 180 produced an average yield of 51.3 bushels in seven years, 
which is the highest yield recorded at College Park. The next high- 
est yield is 48.37 bushels from the pure-line selection C. I. No. 274-20. 

At Arlington Farm ©. I. Nos. 427, 431, and 435 and the pure-line 
selection C. I. No. 274-20 have been grown for the four years from 
1911 to 1914. These strains have differed little in yield, C. I. No. 
427 having produced the highest and C. I. No. 431 the lowest yield, 
40.56 and 39.15 bushels, respectively. The Winter Turf varieties 
have averaged from 3 to 44 bushels less than the best Red Rustproof 
selection and from one-half bushel to 2 bushels less than the best Cul- 
berson, selection, 
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The Winter Turf, because of its hardiness, is the most dependable 
variety for the vicinity of Washington, D.C. Its late maturity and 
its tendency to lodge, however, make it rather less desirable than the 
Culberson, Bicknell, and Red Rustproof. It matures at about the 
same time as wheat, while the other varieties may be harvested 
before the wheat crop is ripe. Where winter wheat is grown on the 
same farm, the earlier varieties are to be preferred. As they are less 
handy, they must be sown earlier than is necessary for the Winter 


Turf. 
EXPERIMENTS WITH WINTER BARLEY. 


Varietal tests of winter barley have been conducted at College 
Park since 1907 and at Arlington Farm since 1908. The tests at the 
former place have included 12 varieties, of which only four have been 
continued for the entire seven years (1908 to 1914). At Arlington 
Farm 56 varieties and strains have been grown from one to six years, 
most of them for short periods only. 

The dates of seeding at College Park during the past seven years 
were as follows: October 17, 1907; October 9, 1908; September 29, 
1909; September 21, 1910; September 20, 1911; October 1, 1912; and 
October 4, 1913, the average date being about October 2. _The dates 
of seeding at Arlington Farm were September 29, 1908; September 
21, 1909; September 15, 1910; September 10, 1911; September 16, 
1912; and October 6, 1913, the average being about September 21, or 
11 days earlier than for College Park. Experience has shown that 
the date of seeding this crop at Arlington Farm has been too early in - 
most years for the best results. On the other hand, the crop occa- 
sionally has been sown too late at College Park. While no definite 
rule can be formulated, it is believed that sowing between September 
25 and October 5 will give the best results under average conditions. 
Taste XIil.—Annual and average yields of varieties of winter barley grown at the Mary- 


land Agricultural Experiment Station (College Park) and at Arlington Farm, Va., 
for the years stated. 


‘Yield per acre (bushels). 


Group and variety. fe a 

1908 1909 1910 1911 1912 1913 1914 ae 

COLLEGE PARK (12 VARIE- 

TIE 
- Six-rowed hulled: 

Maryland Winter........ 518 | 32.85 | 36.72] 24.70] 31.87 | 42.03 | 32.13] 37.50 33.97 
Mammoth Winter....... 410 | 23.53] 34.71] 20.10] 32.96 | 47.38 | 35.17] 39.60 33.35 
Tennessee Winter. -...-- 257 | 39.79 | 29.84] 20.70] 32.79} 42.58] 31.83] 35.80 33.33 
Winter 6-rowed......-.-- 328 | 24.73] 27.58 | 22.80] 36.36] 33.91 | 24.92 | 35.40 29.39, 

Arlington (Arlington 
Acwniless))- 3. d25- 0208 OQ ens cos eee oe acne eee Eee Peer eee 16.42 | 17.60 17.01 
Squarehead Winter...... 252 29.72 Se See eee Sena eee ie oo alles Ske os 32.46 
CNaTabssoes- see esse 662 24.07 51868 ES ne ee pce [Son aneeellacascbes 27.24 
Dutrow WVainterd: Sesleri enl sence a 325801 .22::60) |b S22 982. Bee eee eee eae eee 27.70 
HaWERAVED = ipoc ssc eee 206°) 28.51 |e ceesose | ate. 23) acesceeellene eee ee ee Reena Saaeeeee 
Black Winter.........-- 387) > 25:39 12 Bees oe a a eee eee eee 
ATDACRIO SA, eben aeeee 199}. 21.62 Wan deel So ce njee alls seee onal] Cera Oot ee eee eens 
TOOCOx- selec cansiosecs ces P74 ha Wy A il eno ee Meee Peas ao a s ocllvnc aa SonlGe arcu 


1 A variety commoniy grown in Frederick County, Md. 
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Taste XII.—Annual and average yields of varieties of winter barley grown at the Mary- 
land Agricultural Experiment Station (College Park) and at Arlington Farm, Va., 
Jor the years stated—Continued. 


Group and variety. 


ARLINGTON FARM (56 VARIE- 
TIES AND STRAINS). 


Six-rowed hulled: 
Tennessee Winter. ...--- 
Wisconsin Winter......- 
Maryland Winter.......- 
Moexas Winter. -......--- 


PROMI eo) co.cc cie sale es 
Squarehead Winter...... 
“Lthsnl] os] ase ae 
PAESCHLING cones cee esos 
Arlington (Arlington 

Awmniless)5__.......2..- 


Caveda 


‘Sirf alia Cy (See ee ae 
Qin OS aia ae aa 45 
[Binion Oe 

* Pedigree Chevalier... .... 
Black Arabian........... 


White Smyrna..._...... 
elmUmcheMs 
eVvetiaieo so. kk ce 


Whewalien?! ..2-8.622.3.42- 

black Smiyrmma.-. 22.222. : 

ORG Cee ele ae 

White Smyrna.._....... 
Naked: 8 


SEVearakccytIys ee 
Wamamugi...2.0....2..- 
WiekAMatSU. 600222. sles 


! Average yield of 7 check plats. 
2 Average yield of 9 check plats. 
® Average yield of 6 check plats. 


4 Yields not comparable, 


Yield per acre (bushels). 


1908 1909 1910 
41.70 | 23.40 
45.00 | 14.27 

39.70 | 3 27.31 
socosoedonocdged 28. 64 
baSdacod|lbceseses 45.81 
cheoesad|occsepen 21.25 


1911 


1912 


35.33 
25. 52 
(A 

21505 


Aver- 
1913 1914 age. 
121.70 | 2 30.70 27.97 
31.40 53. 50 27.52 
21.50 24. 20 28.10 
22.50 | 22.80 24.60 
28.40 | 19.40 21.40 
30.40 | 31.30 27.65 
28.10 | 26.30 27.44 
28.80 29.20 26. 84 
25.00 28. 50 24.70 
39.60 | 32.10 28. 33 
30. 80 27.70 27.56 
27.90 25. 80 26.85 
16.70 | 33.30 22.74 
17.50 | 22.30 20.11 


11.30 


27.30 


ue to pronounced soil variation. 


5 Selection from the cross, Tennessee Winter (C. I. No. 257), a 6-rowed bearded hulled winter barley, 


_X Success (©. I. No. 507), a 6-rowed hooded hulled spring barley. 


5 Selection from the cross, Tennessee Winter (C. I. No. 257) X Black Arabian (C. I. No. 202), a 2-rowed 


bearded hulled spring barley. 


7 Selection from the cross, Tennessee Winter (C. I. No. 257) X Hankau (C. I. No. 197), a 6-rowed bearded 


“naked spring barley. 


§ The yields of these varieties were calculated at 60 pounds per bushel. All are 6-rowed awned varieties, 


: 


4q 
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The rate of seeding at College Park has been 8 pecks for all years 
except 1909 and 1911, when the rates were 104 and 11 pecks, respec- 
tively. At Arlington Farm the hulled varieties have been sown uni- 
formly at the rate of 8 pecks, which appears to be about the best rate. 
The naked barleys have been sown at the rate of 6 pecks in all years 
except 1911, when 8 pecks were sown. 

The annual and average yields per acre of the varieties tested at 
College Park during the seven years from 1908 to 1914, inclusive, and 


Fic. 6.—Heads of three varieties of winter barley grown at Arlington Farm; 1, Tennessee oe 
2, Wisconsin Winter; 3, Omar. 


at Arlington Farm during the six years from 1909 to 1914, inclusive, 
are shown in Table XII. 

All the varieties included in the tests at College Park, as shown 
in Table XII, belong to the 6-rowed hulled group, all except the 
Arlington being quite similar to the Tennessee Winter (fig. 6) and 
Maryland Winter varieties (C. I. Nos. 257 and 518, respectively). 
Of the 56 varieties and strains included in the tests at Arlington 
Farm (Table XII), 31 belong to the 6-rowed hulled group, 19 to the 
2-rowed hulled, and 6 to the naked or hull-less group. Most of these 
varieties are bearded. 

The varieties of the 6-rowed hulled group usually have produced 
the best yields, All the 2-rowed barleys with the exception of the 


CEREAL EXPERIMENTS IN MARYLAND AND VIRGINIA. 45 


‘two hybrids, Nesbian and Omar, are spring varieties that have 
been grown from fall seeding. i 1911 several of these 2-rowed 
spring barleys outyielded the best 6-rowed winter barleys, but the 
_ following year more than half of them were completely winterkilled 
_ during the severe weather in January. It is doubtful whether any 
& of the 2-rowed spring varieties can be grown successfully from fall 
seeding during a series of years. 

The yields obtained from the naked barleys also are unsatisfac- 
tory. The yields of these varieties shown in Table XII are calcu- 
lated at 60 pounds to the bushel, the standard weight for this group. 
- The average dates of heading and of maturity, height, yield of 
“grain and of straw, and weight per bushel of the four leading varie- 
ties of barley at College Park for the seven years from 1908 to 1914 
are shown in Table XIII. The same data for 16 of the more impor- 
tant varieties and strains grown at Arlington Farm for periods rang- 
_ ing from two to six years are also given. 


i 


Taste XIII.— Miscellaneous data for varieties of winter barley grown at the Maryland 
Agricultural Experiment Station (College Park) and at Arlington Farm, Va., for the 
years stated. 


Naan Average dle Average yield | A ver- 


Aver- | _ per acre. age 
Variety. ms i eye mee os ae: 
: Uaraes height. per 
8 *)Headed.1|} Ripe. Grain. | Straw.?} bushel. 
_ COLLEGE PARK (4 LEADING 
_ VARIETIES), 1908 TO yt, IN- 
CLUSIVE. 
Inches.| Bush. | Lbs. Lbs. 
me Maryland Winter............-.-- 518 7| May 8] June 10 34} 33.97] 2,050 3 40. 4 
- Mammoth IWanlteresee eect 410 deed Osseo see Ole aee 34} 33.35] 2,200 443.0 
_ Tennessee Winter...........-.--- 257 ii |5=<dO nee lee Goss: 33 | 33.33 | 2,140 139.7 
= Winter 6-rowed...........-.-.--- 328 7 | May 11] June 12 34] 29.39] 1,880 442.5 
ARLINGTON FARM (16 VARIETIES 
AND STRAINS), 1909 To 1914, 
___ INCLUSIVE. 
Six-rowed hulled: 
Tennessee Winter.......-..-- 257 6| May 6}]June 3 233 | 27.97 | 32,230 43.3 
Wisconsin Winter..........-.- 519 6| May 8] June 6 234 | 27.52 | 32,540 43.6 
; Maryland Winter............ 518 6| May 7] June 3 30 | 3 28. 10 | > 2,050 43.8 
a MexasnWinter) 22.32.2222. 554 5 |...do.....] June 4 30 | 24.60 | 3 2,050 44.7 
cB Virginia (Virginia Hooded)... 648 5 | Apr. 26 | May 30 34 | 21.40 | 51,970 338.8 
ie Large-grained Winter........ 408 4 | May 17] June 14 34 | 4 27. 65 | 63, 230 45.6 
1a TSI [ORIG Lak tee eee is eae 896 4| May 9|June 2 34] 27.44] 2,030 41.6 
iy DORE ee Reet 895 4; May 10 |...do..... 33 | 26.84] 1,800 40.5 
It Canada Winter..............- 713 4|...do.....|.June 3 35 | 24.70] 1,980 A205 
; PRGmisaiemtet nore el Saas 646 3 |..-do.....| June 4 35 | 28.33] 2,650 43.3 
Squarehead Winter-. dl 252 3| May 11] June 6 30 7.56 | 2,570 44.0 
Arlington (Arlington Awn- : 
GSI) ant Sess Roo ee eee Be ety? 3 | Apr. 26 | May 26 37 | 20.11 | 1,330 49.3 
_ Two-rowed hulled: 
Sella oer cee eee eee 187 5 | May 6] June 5 33 | 19.18 | 21,840 48. 1 
INOS MIN Ms me soci ee oe eee 647 4| May. &|June 4 33 | 19.26 | 42,260 47.8 
2 TENS SR ee peso see eee areee 898 2| May 11) June 6 37 | 25.30] 2,690 47.5 
Naked: 
LLC TENGE see Sa Bee ee ee re 703 4 | May 1] May 31 33.| 20.80} 2,570 60.5 
1 Data for 6 years only. 3 Data for 4 years only. 5 Data for 2 years only. 
2 Data for 5 years only. 4 Data for 3 years only. 6 Data for 1 year only. 


Table XIII shows that the more important varieties have ripened 
about June 10 at College Park and from June 3 to 6 at Arlington Farm. 


n 


The earliest varieties at Arlington Farm are the three hybrids, Arling- 
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ton, Virginia, and Hansee. At College Park the varieties have 
averaged about 34 imches in height. At Arlington Farm the range 
has been from 380 to 37 inches, with the more important varieties 
averaging about 34 inches. ‘The yields of straw have averaged about 
1 ton to the acre, or rather less than was obtained from oats during 
the same years. The weight per measured bushel of nearly all 
varieties is considerably below the standard weight at both College 
Park and Arlington Farm. The Arlington is the only 6-rowed hulled 
variety which has averaged more than 48 pounds to the bushel. The 
2-rowed varieties averaged almost exactly the standard weight per 
bushel. 


LEADING VARIETIES. 


The leading varieties of barley at College Park and Arlington Farm 
all belong to the 6-rowed bearded hulled group. Two varieties of the 
2-rowed bearded hulled group and one of the naked group, however, 
are of some interest. Brief descriptions of the more important 
varieties are included in the paragraphs which follow. 


2 


THE 6-ROWED HULLED GROUP. 


The greater part of the varieties in the 6-rowed hulled group which 
have been tested at College Park and Arlington Farm are true winter 
forms. About one-fourth of the varieties which have been grown at 
Arlington Farm, however, are really sprig forms which have been 
sown in the fall. For the most part these varieties are fairly winter 
hardy, but they still retain the erect early growth and other char- 
acteristics of the spring forms. The most important 6-rowed winter 
barley is the Tennessee Winter. Other varieties of special mterest 
are the Wisconsin Winter, the Arlington, and the Virginia. | 

Tennessee Winter.—A 6-rowed bearded hulled winter barley has 
been grown for many years in the South Atlantic and Gulf States. 
This variety was improved by mass selection at the Tennessee Agri- 
cultural Experiment Station. It was first distributed from that 
station about 1900, when it was given the name “‘Tennessee Winter.” 
At College Park the Tennessee Winter,:C. I. No. 257, produced an 
average yield of 33.33 bushels during the seven years from 1908 to 
1914. This is slightly less than has been produced by the very 
similar variety, Maryland Winter, C. I. No. 518. At Arlington Farm 
the Tennessee Winter has produced an average yield of 27.97 bushels 
in the six years from 1909 to 1914. Only one other variety, the Wis- 
consin Winter, C. I. No. 519, has been grown on comparable land 
during the entire six years. The yield of Wisconsin Winter was 0.45 
bushel less than that of Tennessee Winter. ; 

The average date of maturity of the Tennessee Winter at Arlington 
Farm is June 3 and at College Park June 10. The average height of 
the plants was 33 inches. The average yield of straw was slightly 


‘CEREAL EXPERIMENTS IN MARYLAND AND VIRGINIA. 47 


more than 1 ton. The average weight per bushel of the variety for 
six years at Arlington Farm was 43.3 pounds. 


Numerous other varieties which have been included in the tests 
are practically identical with the Tennessee Winter in appearance, 
hardiness, and yield. Among these are the Maryland Winter, C. I. No. 
518; Texas Winter, C. I. No. 554; Union Winter, C. I. No. 583; and 
Canada Winter, C. I. No. 713. Two selections from the cross between 
the Tennessee Winter and the Black Arabian, C. I. Nos. 895 and 896, 
are also much like the Tennessee Winter. They have been among 


_ the best yielders during the four years they have been grown. The 


Tennessee Winter and similar varieties seem to be better adapted 
for fall seeding in the locality of Washington, D. C., than any of the 
other winter barleys. 

Wisconsin Winter—The Wisconsin Winter barley, C. I. No. 519, 


appears to be a winter variety from a region of mild winters. It is 


winter hardy in the vicinity of Washington, but the plants make a 
more vigorous top growth in the fall than those of the Tennessee 
Winter and similar varieties, while the leaves are much wider and the 
winter habit is less pronounced. The yield of the Wisconsin Winter 
at Arlington Farm during the six years from 1909 to 1914 was 27.52 
bushels, which is 0.45 bushel less than that of the Tennessee Winter 
for the same period. The average date of maturity for the variety is 


three days later than that of the Tennessee Winter. 


Arlington.—The Arlington (Arlington Awnless) barley, C. I. No. 702, 
is a 6-rowed awnless hulled barley which was developed by selection 
from a hybrid between the Tennessee Winter and the Black Arabian, 
the latter being a 2-rowed bearded hulled variety. This selection 
was continued through several years by Mr. H. B. Derr, formerly of the 
Office of Cereal Investigations. It is the earliest variety included in 
the tests, ripening about May 26. Because of its awnless character 


and its earliness it was expected that the Arlington would become a 
_ yery important winter variety, as it appeared to be nearly as hardy as 


the Tennessee Winter. The data on yield contained in Table XII, 
however, show that the Arlington is much inferior to the Tennessee 
Winter and similar varieties. In the three years from 1912 to 1914 
at Arlington Farm the Arlington averaged 20.11 and the Tennessee 
Winter 29.24 bushels. The heads of the Arlington are very brittle, so 
that a considerable part of the grain is lost by shattering in harvesting 
and subsequent handling before thrashing. For these reasons it is 
doubtful whether the Arlington will become of much importance. 
Vurginia.—The name Virginia (Virginia Hooded), C. I. No. 648, 
was applied by Mr. H. B. Derr to a hooded selection from a hybrid 
between the Tennessee Winter and the Success, a 6-rowed hooded 
hulled spring barley. It was hoped that this variety would prove to 


1 Derr, H.B. A new awnless barley. In Science, n.s., v. 32, no. $23, p. 473-474, 1 fig., 1910. 
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be winter hardy and that it would be a valuable addition to the. list 
of winter barleys, as its freedom from beards makes 1t much more 
pleasant to handle than the ordinary winter varieties. It entirely 
winterkilled, however, in January, 1912, and was rather badly injured 
in one or two other years. Its average yield for the five years from 
1910 to 1914 at Arlington Farm is 21.4 bushels, which is about 3 
bushels less than that of the Tennessee Winter, Texas Winter, and 
similar varieties for the same period. This variety matures about 
four days earlier than the Tennessee Winter. The yield of straw is 
rather less than from the bearded winter varieties. The grain has 
been light and chaffy, averaging only 38.8 pounds to the bushel, as 
compared with 43.3 pounds for the Tennessee Winter. 


THE 2-ROWED HULLED GROUP. 


Most varieties of the 2-rowed group which have been grown at 
Arlington Farm were originally spring barleys which have been sown 
in the fall.. They have not proved to be winter hardy in years when 
low temperatures are recorded, though in favorable years they have 
produced very high yields. They are not sufficiently dependable to 
make them dnt of recommendation. 

Two selections from a hybrid between the Tennessee Winter and 
the Black Arabian, however, appear to be quite hardy and worthy of 
further test. These are the Nesbian, C. I. No. 647, and the Omar, 
C. I. No. 898. It is probable that the latter is the better of the two 
selections, though it has not been tested long enough to determine its 
value fully. These hybrids mature a day or two later than the 
Tennessee Winter. In the tests so far conducted they have not been 
high in yield. The average yield of the Omar for the two years in 
- which it has been tested is 25.3 bushels, as compared with 26.2 
bushels for the Tennessee Winter and 32.45 bushels for the Wiscon- 
sin Winter in the same years. The quality of the grain produced by 
these 2-rowed varieties is much better than that of the 6-rowed 
barleys, the average weight per bushel being practically 48 pounds. 


THE NAKED GROUP. 


None of the varieties in the naked group have produced yields 
nearly as high as those of the 6-rowed hulled varieties. The best. 
naked barley which has been included in the test is a selection from 
a hybrid which has been called Hansee, C. I. No. 703. This selection 
was made by Mr. H. B. Derr from a cross between the Tennessee 
Winter and the Hankau, C. I. No. 197, the latter a 6-rowed bearded 
naked variety. The Hansee is also a 6-rowed bearded barley. While 
it is apparently not a true winter variety, it is much more hardy than 
any of the other naked barleys which have been tested. Its average 
yield for the four years it has been grown at Arlington Farm is 20.8 
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bushels of 60 pounds each. This is equivalent to about 26 bushels 
of hulled barley. The Hansee matures about three days earlier than 
the Tennessee Winter. 


EXPERIMENTS WITH SPRING-SOWN GRAINS. 


Several attempts have been made to grow spring wheat, oats, and 
barley at Arlington Farm, but with little or no success. Of the three, 
the best yields have been obtamed from spring oats. The yields, 
however, were much lower than from fall-sown oats, and the crop is 
much more uncertain. No profitable yields of spring barley and 
spring wheat have been produced in these experiments. Each time 
that sprmg wheat has been grown rust has practically destroyed the 
crop. 

A few varieties of buckwheat have been tested, but with very un- 
satisfactory results. This crop is not well adapted to the warmer 
portions of the humid area. The highest yield obtained with buck- 

wheat at Arlmgton Farm was about 10 bushels per acre. 

The prosos (broom-corn millets) also have been tested as a grain 
-erop, but without success. Of 10 varieties grown at Arlington Farm 
m 1911 and 1912, not one produced anything approaching a satis- 
factory yield. Proso is not of value-as a grain crop in the humid 
portions of the United States. 

The few tests which have been made of grain sorghum indicate 
that this crop does fairly well at Arlmgton Farm. However, it is 
‘not a profitable crop where corn can be grown successfully, and there 
is no reason to grow any of the various forms in this locality. 


SUMMARY. 


Experiments with cereals have been conducted since 1907 at Col- 
lege Park, Md. (in cooperation with the Maryland Agricultural 
Experiment Station), and at Arlington Farm, Va. The results of 
‘yarietal tests of the different winter cereals are reported in this 
bulletin. 

_ The average annual rainfall for the ten 12-month periods from 
July 1, 1904, to June 30, 1914, inclusive, at Washington, D. C., was 
42.33 iehes: The average eae rainfall at College Park is about 
4 inches less than at Washington. 

The size of the plats on which the varietal tests were conducted 
was in most cases one-twentieth of an acre. 

_ The varietal tests at College Park have included 107 varieties and 

‘races of wheat, 5 of spelt, 3 of emmer, 13 of oats, and 12 of barley. 
At Arlington Farm the tests have included 43 varieties and races of 
winter wheat, 12 of rye, 4 of spelt, 2 of emmer, 19 of oats, and 56 of 
barley. Only winter varieties of the various cereals are adapted. 
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Of the 43 winter wheats tested at Arlington Farm, 11 are selections 
from hybrids which have been developed at College Park and Arling- 
ton Farm. The most promising of these a is the Virginia, 
C. 1. No. 3277. 

The five leading varieties of wheat at College Park, ah the 7-year 
average yield of each in bushels per acre, are as elle China, 31.17 
bushels; Mammoth Red, 31.09 bushels; Bearded Purple Sean: 30.95 
bushels; Turkish Amber, 30.11 bushels; and Lancaster, 30.03 bushels. 

The five leading varieties of winter wheat at Arlington Farm, with 
the 5-year average yield of each in bushels per acre, are as follows: 
Purple Straw (C. I. No. 1915), 32.09 bushels; Lancaster, 29.74 bushels; 
Dawson Golden Chaff, 29.37 bushels; Fultz, 29.17 bushels; and 
Purple Straw (C. I. No. 1957), 29.17 bushels. 

A rate-of-seeding test with several varieties of winter wheat at 
Arlington Farm indicates that better yields may be obtained on well- 
prepared land from sowing 3 or 4 pecks than from heavier rates of 
seeding. 

Several varieties of winter spelt and one of emmer have been tested. 
The best variety of winter spelt, the Alstroum, has a 6-year average 
yield at College Park of 63.23 bushels and a 5-year average yield at 
Arlington Farm of 74.08 bushels. The Black Winter emmer has 
averaged 36.57 and 22.33 bushels, respectively, for the same periods 
at College Park and Arlington Farm. 

A varietal test of rye has been conducted at Arlington Farm only. 
Of the 12 varieties and selections tested, the Giant Winter, Virginia 
Winter, and Abruzzes are the leading varieties. The average yield 
of Giant Winter rye in a 4-year test was 32.89 bushels. Earlier 
seeding than is commonly practiced by the average farmer has given 
very satisfactory results with this crop. 

The leading varieties of winter oats at College Park are the Winter 
Turt, Bicknell, and Culberson, in the order named. The most prom- 
ising at Arlington Farm are the Red Rustproof, Winter Turf, Bick- 
nell, and Culberson. 

The Winter Turf is the hardiest and most dependable variety, but 
its late maturity and tendency to lodge are objectionable. The Cul- 
berson and Bicknell mature ten days to two weeks earlier than the 
Winter Turf and are to be preferred to it in eastern and southern 
Maryland and eastern Virginia. 

The leading varieties of winter barley at College Park are the Mary- 
land Winter, Mammoth Winter, and Tennessee Winter. ‘These 
varieties are practically identical. Of the varieties tested at Arling- 
ton the Tennessee Winter, Wisconsin Winter, Maryland Winter, and 
Texas Winter yielded best. 

None of the eighteen 2-rowed spring barleys that have hen erown 
from fall seeding at Arlington Farm have been satisfactory. A hybrid 
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2-rowed winter barley has been developed, which produced an average 
yield of 25.30 bushels in 1913 and 1914. None of the naked barleys 
has given satisfactory yields. 

Satisfactory results have not been obtained with spring-sown grains 
: it Arlington. None is reliable enough to be recommended. 

- Winter wheat, spelt, rye, barley, and oats have all given very 
satisfactory rete: The feed grains, oats, barley, and spelt, should 
‘be more generally grown. The varieties most strongly recommended 
for eastern and southern Maryland and eastern Virginia are as fol- 
lows: 


Winter wheat: Winter spelt: Winter oats—Continued. 


China. Alstroum. Culberson. 
Fulcaster. Winter rye: Bicknell. 

Dietz. Giant Winter. Red Rustproof. 
Fultz. Virginia Winter. Winter barley: 

Purple Straw. Abruzzes. Tennessee Winter. 
Bearded Winter Fife. | Winter oats: Wisconsin Winter. 


Bearded Purple Straw. Winter Turi. 


PUBLICATIONS OF THE UNITED STATES DEPARTMENT OF AGRICULTURE 
RELATING TO CEREALS. 


AVAILABLE FOR FREE DISTRIBUTION. 
Sealed Paper Carton to Protect Cereals from Insect Attack. (Department Bulletin 
15. 


Cereal Investigations at Nephi Substation. (Department Bulletin 30.) 

ooo ay on the Belle Fourche Experiment Farm. (Department Bul- 
etin 297 

Dry-land Grains in Great Basin. (Bureau of Plant Industry Circular 61.) 

Winter Wheat in Western South Dakota. (Bureau of Plant Industry Circular 79.) 

Cereal Breakfast Foods. (Farmers’ Bulletin 249.) 

Corn Cultivation. (Farmers’ Bulletin 414.) 

Rice Culture. (Farmers’ Bulletin 417.) 

Oats: Distribution and Uses. (Farmers’ Bulletin 420.) 

Barley Culture in Southern States. (Farmers’ Bulletin 427.) 

Barley: Growing the Crop. (Farmers’ Bulletin 443.) 

Durum Wheat. (Farmers’ Bulletin 534.) 

The Culture of Rice in California. (Farmers’ Bulletin 688.) 


FOR SALE BY THE SUPERINTENDENT OF DOCUMENTS. s 


Improvement of Wheat Crop in California. (Bureau of Plant Industry Bulletin 178.) 
Price, 10 cents. : 

Cooperative Grain Investigations at McPherson, Kansas, 1904-1909. (Bureau of Plant 
Industry Bulletin 240.) Price, 5 cents. 

Contributions to Study of Maize Deterioration. (Bureau of Plant Industry Bulletin 
270.) Price, 10 cents. 

Cereal Experiments i in Texas Panhandle. (Bureau of Plant Industry Bulletin 283.) 
Price, 10 cents. 

Dry-land Grains for North and South Dakota. (Bureau of Plant Industry Circular 
59.) Price, 5 cents. 
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SUMMARY OF RESULTS. 


This study, made in 1913, is based on 878 records relating to the 
business of tenants on plantations in the Yazoo-Mississippi Delta. 
Comparison is made between share croppers, who supply nothing 
but their labor and receive one-half of the crop; share renters, who 
supply their own implements and live stock and receive two-thirds 
or three-fourths of the crop; and cash renters, who supply the same 
items as share renters but pay a fixed rent in cash or lint cotton. 
The principal facts brought out by this investigation may be 
stated as follows: 

The share cropping system is the safest for the tenant. The share 
cropper is practically assured of average wages — his work, but he 
Targly makes a large income. 

The share renter fails more frequently to make even a bare living, 
but has a beiter chance to make a good income than has the share cropper. 
| The cash rente? runs still greater risk of failure, but has the greatest 
opportunsy of making a labor income of not less than $1,000. 
| The average labor income for share croppers was $333; for share 
renters, $398; and for cash renters, $478. 

From the point of view of the landlord the situation is reversed. 
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He is assured of a return of between 6 and 7 per cent on his invest- 
ment where the land is operated by cash renters, no matter what the 
yield or the tenant’s labor income may be. 

Where the land is worked by share croppers or share renters the 
landlord's rate of wnterest often falls below 6 per cent, but when the 
yreld rs good and the tenant makes a good return, the rate of interest 
sometimes rises to more than three times that amount. 

It appears that the landlord can make better money, on the aver- 
age, when he rents his land on some system of shares. The average 
rate of interest received by the landlord from share croppers was 
' 13.6 per cent; from share renters, 11.8 per cent; and from cash 
renters, 6.6 per cent. 

The holiness of share croppers are considerably smaller, on the 
average, than those of share renters or of cash renters, and there are 
few share croppers having as much as 25 acres in cotton, while about 
one-third of the share renters and of the cash renters hae at least 
that acreage. The labor income of tenants increases directly with 
the ee in cotton acreage, but the rate of interest on the land- 
lord’s investment appears to be but little affected by the size of the 
holdings. 

The principal factor in determining the amount of the tenant’s 
labor income and the rate of the landlord’s profits in this region is 
the yield of cotton per acre. The relationship between yield of 
cotton and labor income, however, is much closer on cash renters’ 
farms than on those of share croppers, while the effect of yield on 
the landlord’s profits is more apparent under the share cropping 
than under the share renting or the cash renting system. The 
tenant’s incentive for securing a good crop is consequently greater 
among those who rent for cash, but, on the other hand, the landlord 
is more directly interested in the magnitude of the yield per acre on 
the land of his share croppers. 


TERRITORY STUDIED. 


The agriculture of the Yazoo-Mississippi Delta! is conducted largely 
on the plantation system. Under this system white owners let their 
holdings in small tracts among negro tenants, and are very largely 
guided in determining the number of acres assigned to each tenant, 
and in deciding on the terms of the contract, by the known character 
of the tenant, his reliability and his facie and the size of his 
family. 

The problems of farm tenure in the Delta are not unlike those 
prevailing in other portions of the cotton belt, but are decidedly 

1 The Yazoo-Mississippi Delta includes the following nine counties in Mississippi: Bolivar, Coahoma, 


Tssaquena, Leflore, Quitman, Sharkey, Sunflower, Tunica, and Washington, and adjoining parts of Holmes, 
Tallahatchie, Warren, and Yazoo Counties. 
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different from those prevailing in other sections of the United States. 
Broadly speaking, it may be said that the different methods of tenure 
in this region represent the various attempts on the part of planters 
to secure a satisfactory supply of labor to grow their cotton, and on 
the part of tenants to secure the best return for their ability to 
produce that crop. 

This region, which comprises about 6,400 square miles, is bounded 
on the west by the Mississippi River and on the east by a line of 
bluffs, and extends from just below Memphis on the north to Vicks- 
burg on the south. Prior to the erection of the levees the Delta was 
frequently subject to inundations. The soil of the region is as fertile 
as is to be found anywhere on the continent. The value of farm 
land per acre is between $25 and $50 in these counties, according to 
the census of 1910, as compared with an average of $14 for the entire 
State. This fertile soil, together with a suitable climate, makes the 
Delta an excellent cotton region, and, in 1909, 76 per cent of the crop 
land in the nine counties was devoted to this crop, 21.2 per cent being 
in corn and only 2.8 per cent in all other crops. 

The problem of tenancy is especially important in the Yazoo- 
Mississippi Delta, as will be seen from Table I. 


OIVAGES Tees wile 


[From the Reports of the Thirteenth Census.] 


Yazoo- 
United | Missis- | Missis- 
States sippi. sippi 
Delta. 
* 
Per cent tenants form of all farmers..........--..------------------e eee es 37.0 66. 1 92.0 
Average acres per farm operated by— 
wners— 
PRG Tall meter se is eietic cteysiennhn =o ees ee ee ciscio ccd s coe «tismayeniisss cieeh sais 151.6 127.3 123. 4 
PED UO VOC ee ee een eta e soe e eats eels stems sinectie seas 5 selene pec ee 78.5 45.8 54.8 
Tenants— 
BR ell retraite sists cist = ermiya cae nt les = clacicaicicie + oe Se aiclsaoemieeicie Siac 96. 2 34.5 23.1 
PEAIDNOV Cee ee ea as cos snes icisccs own « sameeerime es asiceeics 66. 4 25. 5 21.6 
Per cent negroes form of rural population @.............--.-2-----.-.------ 14.5 57.5 88.3 
Per cent negro tenants form of all tenants ................-----.-----.---- 23. 7 59.1 95. 4 
Per cent of negro farmers that are— 
Owners (including part owners and managers).......-..-.------------ 24.7 15. 2 5.5 
PREELSEL See fon tea ete oegelcle Siete te Slelteise eine dation ce < - douse meticeeinc oe 75.3 84.8 94.5 


@ Population outside of places having at least 2,500 inhabitants. 


Ninety-two per cent of the farms in the Delta were operated by 
tenants. The average size of farms operated by owners was 123 
acres, of which about two-fifths was improved land while the average 
size of the tenant farms was only 23 acres, nearly allimproved. The 
average investment in land and buildings on farms operated by owners 
was $5,326 and on farms operated by tenants $1,230. Seven-eighths 
_of the rural population is negro, and negroes form 95.4 per cent of all 
the farm tenants. 
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METHOD OF INVESTIGATION. 


This investigation is based on 878 records which were secured from 
planters or from managers of plantations and refer to the business of 
several representative tenants on each plantation during the year 1913. 
The information sought was comparatively easy to secure because the 
transactions involved were few; nearly all of the cash income was 
derived from the sale of cotton and of cotton seed and sometimes of corn, 
while the items of expenditure were very largely confined to those for 
feed and for hired labor, together with depreciation, repair, and insur- 
ance charges on buildings and machinery. The investigation did not 
cover loans or advances by planters to tenants, but was confined to the 
study of the agricultural returns under the different methods of renting. 

The location of the farms from which records were secured is shown 
by figures on the accompanying map (fig. 1). 

The records were secured in March and April, 1914, and referred to 
the crop year 1913. The cotton crop for that year was better than 
the average, and the corn crop was about average, being rather poor 
in the extreme southern part of the territory. ‘Table II shows the 
average yield of cotton and of corn in each of the nine counties wholly 
included in the Delta, as reported by the Census for 1909, as estimated 
for 1910, 1911, 1912, and 1913, and as found on the plantations visited 
during this investigation. For the entire territory the cotton yield on 
the land investigated was 0.66 bale per acre as compared with 0.47, the 
average for 1909-1913, while the corn yield was 24 bushels per acre in 


each case. 
TABLE IT. 


Yield per acre of cotton (bales). 


County. Estimates. : palsed 
Census Average |72 br 

1909. 1909-1913, Lenants 

1910 | i911 | 1912 | 1913 investi 

gated. 
Bolivarz.:: 33s See eee Se eee ese 0.38 0.50 0. 33 0.58 0. 64 0. 49 0.57 
Coshomah is Soca ey eee eer eke . 48 45 36 48 B5 - 46 Biyfi! 
WASSaqremens Me aks yc See ONE es Spee yf ies ee -49 . 61 42 .50 +00 47 51 
Leflore ys See See ee See ee - 38 44 . 40 -59 . 64 - 49 . 69 
Crain aatte a eh Sane ei eI ee Sele 50 41 46 . 62 . 66 553 . 60 
Sharkey se 2) Fae erase cisee 45 -o2 32 . 42 -56 45 . 63 
Sunflower: ociss.c:- anc seen en ee Pees . 40 47 a3) -59 . 67 . 49 . 78 
UNDG Re See ee San Cn Sones a poser rer Sse 47 .30 ~ 45 .39 42 41 52 
Wiashine ton. 2. a2. cee oe eee ot ee ars -49 53 30 50 59 48 Waa 
Average for 9 counties...........-. - 43 . 46 ao) 53 59 47 . 66 

Yield per acre of corn (bushels), 
18 (a) 26 25 33 26 19 
23 (a) 20 35 22 25 28 
19 (a) 27 20 10 19 23 
18 (a 25 28 ~ 20 23 23 
22 (a) (0) (>) (0) 22 22; 
19 (a) 83 (0) 18 23 21 
22 (@) 28 25 35 28 22) 
22 | (a) (v) (b) 20 22 32 
20) (a) (b) 19 22 20 28, 
Average for 9 counties.........._..- 20 (a) 26 26 24 24 24 
a No figures available for 1910. b No data. 
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1G. 1.—The Yazoo-Mississippi Delta. Figures show the number of records taken in each locality. 
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METHODS OF RENTING LAND. 


Three general systems of renting land, with many variations, are | 
practiced in the Yazoo-Mississippi Delta, each of the systems having | 
advocates among planters and among tenants. On large plantations | 
all three of the systems are sometimes found side by side. The main | 
points of the three systems are described in the following paragraphs: | 

Half-and-half system (share croppers).—Under this system the tenant | 
supphes the labor and one-half of the fertilizers, when any are used, | 
while the landlord furnishes the land, a cabin, a garden plot, all the 
tools, the work animals and their feed, the seed, one-half of the ferti- | 
lizers used, and the tenant’s fuel wood, which the tenant cuts from | 
the nearest available woodland, using the landlord’s mules for | 
hauling. Each party under this system receives half the crop and | 
each pays for his half of the ginning, bagging, and ties. If, as hap- | 
pens occasionally, another crop besides corn and cotton is grown, it | 
is also divided equally between landlord and tenant. Cowpeas are | 
frequently planted in the corn at the last cultivation with the seed | 
usually furnished by the landlord. In this case all the hay, if cured, 
goes to the landlord. The tenant is often allowed to pasture it if he 
has a cow or other stock. The landlords exercise careful supervision 
over the share croppers, who are locally not considered as tenants at 
all, but as laborers hired to do the work in return for half the crop and — 
the use of a cabin. : 

Sometimes under this system the tenant pays cash for the use of 
the land not planted in cotton and for the use of the planter’s equip- 
ment in working it. In such cases the tenant receives all the crops | 
raised in this manner. 

Share renting system.—Under this system the tenant furnishes his 
own. work stock and feeds it, and also supplies tools, seeds, and all 
labor, while the owner provides the land, the buildings, and the fuel. 
If fertilizers are used under this system, they are paid for in the ratio 
of each party’s share of the crop. The tenant pays as rent a share of 
the crop, one-fourth in some sections and one-third in others. The 
use of the land in corn is sometimes paid for in cash and the tenant 
then retains all the crop. Each party to this agreement pays for 
ginning and bagging his part of the cotton. The landlord is interested 
in the crop and oversees the tenant’s operations, but is not so much 
concerned about the economical use of mules and machinery, since 
they belong to the tenant. 

Oash renting system.—This system is similar to the share renting 
system, except that in lieu of a share of the crop the tenant pays a 
fixed rent per acre in cash or in lint cotton. Since the cotton is sold 
through the planter, he is sure of his rent provided a crop is raised, 
but since he can not collect his rent if there is no crop, and since also 
the tenant is usually indebted to him for supplies advanced, the 
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landlord exercises supervision over the cash renters, except in the 
case of renters whom he knows to be dependable. 

Table III summarizes in convenient form the principal terms of 
the three systems of tenure: 


TasBLeE III. 


Method of renting. 


Share cropping. Share renting. Cash renting. 
Landlord furnishes. ...... Land Land. 
House or cabin... .| House or cabin. 
Tools eae 1 Fuel. 
Work stock One-fourth or one-third 
Feed for work stock... -- of fertilizers. 
Gi he a. Sh eee 
One-half of fertilizers... . 
LOW) IS aa eles eee 
Tenant furnishes. .-.-.-.-.-.-- Mia DOR saat iss ser= elaine. =o Labor. 
One-half of fertilizers. ... Work stock. 
Feed for work stock. 
TOOISSemspirease eee ca Tools. 
Seedsie se secicisers Sots cieran: Seeds. 


Three-fourths or two- | Fertilizers. 
thirds of fertilizers. 


Landlord receives. .....-- 
of the crop. lint cotton. 


e) 
5 
Ge 
Bb 
©. 
Lene) 
° 
Lonel 
ot 
5 
oO 
ie} 
La} 
ic} 
be} 


biehe | One-fourth or one-third | Fixed amount in cash or 


Tenant receives. .......-- Entire crop less fixed 


amount. 


One-half of the crop...-- Three-fourths or two- 
thirds of the crop. 


FACTORS OF PRODUCTION IN RELATION TO METHOD OF RENTING. 


Table IV presents the relationship between the principal factors of 
production and the method of renting land. 


TABLE LV. 
All Share Share Cash 
; records. |croppers.| renters. | renters. 
EE ee eS a eee ee eee 
REINA Ol OLY CCOLOS et =a nes cle i= aes aia eieielsl= a= al-1= = aleleiniere iain’ 878 445 136 297 
Acreage in crops per tenant: 
OLA ee ey tea cee se eniare 2 anosian Sone bisa. eae maeine 23.4 19.3 PHet 28.0 
OOMHIDG =~ sceogtes oapnnoce ce Set aee eas seecees eeoSdeebesss2s5ne6 19.5 17.0 20.9 22.6 
PCR Cem 11) COUN. . sate aan ne eee mee esis ==> = cereneeeie 83.0 88.0 ]- 77.0 81.0 
OUMEL. 226 foes se¢ Sone be dp ocadoS dace e paces eseeeee aan cae Soca 3.9 2.3 6.0 5.3 
acid: of cotton per acre |(bales)--....=.--.---..------------2---- 0.66 0.69 0.69 0.61 
Yield of corn per acre (bushels)......-----.------- poesscansso3e 24.0 24.0 23.0 24.0 
Average value of farm property per tenant: 
E@VEL ace ecatoegd tends lessen cnesGe cer wonepSSceeepEoteoses se $2,176.00 |$1, 811.00 |$2, 504.00 | $2.574.00 
Lakin! oe ce SS bcc od SGeB BOE bos cA Leeds CS SRB R ee cio a celh 1,674.00 | 1,378.00 | 1,929.00 | 2,001.00 
PERT TEL GLUED OS epee eta tea lala late enn laseinin ce aint clomia mia, s aims epee one 240. 00 210.00 273. 00 269. 60 
Wits GS. ase ccreetids SSeO Tees Shee eae Wooeoncamestoticesssce 222. 00 194. 00 248.00 253. 00 
HANOI. c cae doepooceccosse secuesdee sede sesueeResesososs 40.00 29.00 54.00 51.00 
Average value of farm property per acre: 
WE). seo coosseot eccedsancss aes = sages ce soe ueeeeSesescasecke 92.92 93.95 92. 40 92. 09 
WWHING |. Ap goadbok Sean coon dey den svOneeae a SenoBEEEeorccteace 71. 47 71.49 71.16 71.59 
SUPT CNET OS erect esac ee oe a) eaters oslnaic c= = «eee 10. 23 10. 87 10.09 9.64 
NEIOS SR ere ation) ce). Sus te MEE AES A 9.49 10.07 9.15 9.03 
[enV eT TMS cole Se sacec dole pace ces = 42 Uo ap See 225525225 1.73 . 1.52 2.00 1.83 
Average number of mules per tenant..........-..-.------------ 1.36 1.03 1.69 1.68 
eaverarGnvaltle| ON INMCS! = 22 =< eoo enema nee = =~ = = ee $164.00 | $187.00 | $147.00 $150. 00 
Average number of crop acres per mule.......-.-..------------- 17.3 18.5 16.1 16.7 
Average number of bales of cotton per mule..-...-....-.------- 9.5 11.2 8.5 8.3 
RAV CRAM ON AD ODITCOMOG. ane on) n ne Nace cae dan cinec ce. +See ences $392.00 | $333.00 | $398.00 $478. 00 
Average amount earned by outside labor............----------- 23. 00 27.00 25.00 15.00 
Average value of family labor...........-...------------------- 118. 00 103. 00 139. 00 132.00 
Average value of hired labor.........-.-.-.------------+------- 56. 00 31.00 72. 00 85. 00 
Proportion of total income received by labor (per cent).---.---- 73.0 67.0 70.0 82.0 
Average rate of interest on landlord’s investment (per cent).-.. 10.6 13.6 11.8 6.6 
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It will be seen that cash renters and share renters had, on the aver- 
age, 28 and 27 acres of cultivated land, respectively, while share 
croppers had only 19 acres. The share croppers’ land was more 
exclusively devoted to cotton than that of the renters. 

The yield of cotton per acre was 0.69 bale for share croppers and 
share renters, as compared with 0.61 for cash renters, indicating that 
the cash renters produce smaller crops than the share renters or share 
croppers, in the magnitude of whose crop the landlord is directly 
concerned. The assumption that the landlords sometimes assign the 
poorer land to cash renters since yield per acre does not directly con- 
cern the landlord, is not borne out by Table IV. 

The average investment was considerably less ($1,811) in holdings 
of share croppers than in those of share renters ($2,504) or of cash 
renters ($2,574), but the difference was due very largely to the fact 
that the share croppers’ holdings were smaller, since the value of land 
and of buildings per acre did not differ materially for the different 
types of tenants. The average value of tools, however, was only 
$1.52 per acre on share croppers’ land, as compared with $2 on share 
renters’ and $1.83 on cash renters’, indicating that less machinery is 
used on share croppers’ holdings. Owing to cooperation, the ma- 
chinery is generally more fully utilized by share croppers than by the 
other tenants. 

A difference worth noting is that for share croppers, where the 
mules are supplied by the landlord, the average value of mules was 
$187, while for share renters it was $147 and for cash renters $150. 
The landlords supply better mules than do the tenants and see to it 
that good use is made of the mules, the average number of bales of 
cotton and the average number of acres cultivated per mule being 
considerably greater where the mules belong to the landlords than 
where they belong to the tenants. . 

The labor income of tenants was $333 for share croppers, $398 
for share renters, and $478 for cash renters. By labor income is 
meant the amount the farmer gets for his individual year’s work 
exclusive of the use of a house and the food and fuel furnished by 
the farm. It is computed by subtracting from the net receipts all 
expenses, including value of unpaid family labor, as well as interest 
on investment and allowances for depreciation and repairs.’ It 


1 The items of expenditure were determined by obtaining estimates from the 160 planters interviewed, 
each planter’s figures being used on the records for his plantation. The averages of the estimates given 
by the planters for the various items of expenditures were as follows: 


Depreciation andunsurantcelons buildings a. see sso ee -per cent... 6.0 
Reépairsion buildings: . sce... 22 -nnc eoeee - een 6 >see ae eee eee do.... 4.5 
Depreciationvof mulesis- 2e0 220 280 28 5.255: Se ee eee eee Gost i LOR4 
Depreciation ofimplements andstoolsie: == ose pen eee ase eee een (Os leew AAD 
Riepairsiopimplementsiand tools. 2225-26 = teen eee cee nee ee oe dose gilone 
Costiof feeding one mules. cei iass2) ob ee ek eee $94. 00 
Costofiginning andswrappine perbales. -- 8-22-60 ee a2- <P eee eee e eee eee eee eee $3. 50 


Cost ‘of overseeine per’acrey.22..)- 2-2. siso se -fgn eee cing oo eee ee Eee $1. 51 
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| appears that the tenant, on the average, receives more for his labor 

- on land rented for cash and on the share renters’ land than on land 

_ operated by share croppers. This difference is probably influenced 

_ but not entirely accounted for by the size of holdings, the labor 
income being $18 per acre for cash renters, $17 for share croppers, 

and $15 for share renters. The relationship between labor income 
and type of tenure is further considered on page 10. 

A question of importance is, what share of the total income pro- 
‘duced on the land rented by the different methods remains in the 
hands of the persons who work the land, after the landlord has been 
paid? The total amount received by labor is the sum of the labor 
income, including money earned by work outside of the farm, plus 
the value of the unpaid labor of the tenant’s family, and the cost of 
hired labor. Out of every dollar earned by the farms included im 
this study 73 cents went to labor. This amount is much higher 
than corresponding amounts in other sections of the country studied 
by the Office of Farm Management; in the corn belt labor receives 
about 50 cents out of every dollar of income, and in some of the 
intensive farming regions of the east, 53 cents. The cash renters 
in the Delta retamed 82 cents out of every dollar earned; the share 
renters, 70 cents; and the share croppers, 67 cents. 

The average rate of interest on the landlord’s investment was 
13.6 per cent on land rented to share eroppers, .11.8:.:per cent on 
land in the hands of share renters, and 6.6 per cent on land operated 
by cash renters. 

No allowance has been made in fee rates for taxes paid by the 

- landlord on his land, so that about 1 per cent should be subtracted 

_ from the above aie to obtain the net earnings on the investment. 

_ The relationship between the landlord’s profits and the system of 
tenure is further discussed on page 12. _ 

A measure of the productivity of the. tenants’ eon under the 
different systems of- tenure may ~-be~-obtained by comparing the 

- amounts produced by the tenants, after subtracting the value of 
the labor of the tenants’ families and of hired labor. (Table V.) 


TABLE V. 
All Share Share Cash 
Per tenant. tenants. |croppers.| renters. | renters. 

~ Value sr cotton sold: } 
NAN hg associa se alee eee sock stag Mews be on aec cemecass roa $845 $757 $940 $932 
sane HAUT BA HRA BG IE: AitO - v 139 |. 126 151 153 
Matte ON COMME AISOG oss se eye fe cae yee ale ep eee ee 72 40 100 100 
- Value’of labor performed outside of farm. ........0...-.5.-5..5.- 23 27 25 15 
4 Total value of products and of outside labor.............. - 1,079 950 1, 216 1, 200 
_ Value of family labor and of hired labor..........-.-.:---.+---- 174 134 211 217 
a a a a | 
‘ Value produced byabenant ese eect eee ca eo Re ee 905 816 1,008 983 
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The share cropper produced $816, the share renter $1,005, the cash 
renter $983. This difference in productivity may be duc in part to 
the relative size of the holdings of the different classes of tenants, but 
is more directly attributable to the greater amount of family labor 
and hired labor employed by the renters, since the value of the addi- 
tional crop produced by the labor is greater than the wages paid. It 
may also be that cash renters and share renters, as a class, are more 
industyious than share croppers. 


LABOR INCOME IN RELATION TO METHOD OF RENTING. 


Table VI shows the number and the percentage of each class of 
tenants whose labor income fell in each specified group, and the aver- 
age labor income for each group. The accompanying chart (fig. 2) 
presents the percentages graphically. 


TABLE VI. 


Labor income. 


Clase of tenants: ) | Tobey |< | uns eloodiszey $300 | $400 | $500 | $000 | $700 | $800 | $900 | $1,000 
cit, | Ger | to | to | to | to to | to | to | and 
- | si0o. | si9a. | s2go. | s399. | si99. | s599. | s699. | s799. | s800. | $099. | over. 


Number having each income. 


" All tenants 878| 18] 35] 105] 194] 209| 123] 62| 39] 34] 19 9| 81 


Sharecroppers......| 445 1 
Share ranters Pee aene 136 : 7 20 21 25 23 10 8 8 5 


Cash renters........ 297 1 


All tenants. .....--2 100.0) 2.0} 4.0] 12.0} 22.1] 23.8) 14.0} 7.1] 4.4] 3.9] 2.2] 1.0 3.5 
Share croppers......| 100.0 -2| 2.7] 12.8 | 27.6 | 32.1) 13.7] 5.8] 2.7) 1.4 siDbi|'s ereecie 5 
Share.renters-...-.- 100.0] 2.9] 5.1) 14.7] 15.4] 138.4)16.9) 7.4] 5.9] 5.9) 3.7 a7 3.0 
Cash renters.......- 100.0} 4.4] 5.4] 9.4] 16.9]13.8) 13.1] 8&8] 64] 67) 40] 27] 84 
Average income for each income group. 
All tenants......... $392 | $64 | $63 | $156 | $249 | $345 | $447 | $542 | $649 | $746 | $857 | $950 $1,344 
Share croppers......| 333 | 126 68 | 162] 250] 342) 447) 536] 648] 752) 887 |...... 1, 455 
Share renters......- 398 77 62] 154] 256] 348 | 447 | 542) 626] 750) 847} 910 | 1,220 
Cash renters......-. 478 56 59 | 146] 245 | 354] 448) 547] 656 | 743] 856) 956 | 1,355 


Only one of the share croppers had a deficit during the year, that 
is, received less for his share of the cotton than the value of his family’s 
labor, and only 2.7 per cent of them made less than $100; the great 
majority of the share croppers (86.3 per cent) had labor incomes of 
between $100 and $499, and only one-tenth of them made as much as 
$500. Of the share renters 2.9 per cent reported deficits and 5.1 per 
cent positive incomes of less than $100; about two-thirds made 
between $100 and $499, and more than one-fourth made $500 and ~ 
over. In the case of cash renters 4.4 per cent lost money and 5.4 
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per cent made less than $100; but only a little more than one-half 
(53 per cent) had labor incomes of between $100 and $499, and 37 per 
cent made $500 or more, as many as 25, or 8.4 per cent, being in the 
$1,000 and over class. Thus the share croppers run a smaller risk of 
losses or of incomes below $100, but on the other hand only one-tenth 
of them rise above $500 and almost none above $1,000. In the case 
of the share renters there are more failures, more very small incomes, 
but also more incomes of over $500; ici of the cash renters ssa 
one-tenth make less than $100, a Tee more than one-half make 
between $100 and $499, and more than one-third make $500 or more. 

Table VII brings out the differences between the earnings of the 
three classes of tenants in a different manner. This table shows what 


SHARE GEE CROPPERS SHARE a RENTERS CASH EE] RENTERS be) 


TABOR UNDER 100. c ry 3 3 i 
“DEFICIT goo yo 900 TO. 10008 LABOR 
HNCOME $10 s S209 S599 Sooo 5999 OVER _ INCOME 


Fig. 2.—Percentage of tenants in each labor income group. 


proportion of each class of tenants made labor incomes of not less 
than $100, not less than $200, etc. Of the share croppers 84.3 per cent 
made at least $200, as compared with 77.3 per cent of the share renters 
and 80.8 per cent of the cash renters, but of the share croppers only 
24.6 per cent made as much as $400, of the share renters 43.5 per cent 
and of the cash renters 50.1 per cent; so that cash renters had twice 
as good a chance of making not less than $400 for their labor as did 
share croppers. The differe ence in favor of the cash renters becomes 
eyen greater in the higher income groups, the share renters always 
Occupying an intermediate position between the other two classes. 
Por instance, only one share cropper in a hundred made as much as 
$800, as compared with 7 share renters and 15 cash renters; only one 
share cropper in 200 made a labor income of as much as $1,000, as 
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compared with one in 33 share renters and one in 12 cash rentevs. 
The risk in share cropping is the smallest, but so is the possible reward, 
while in cash renting both the risks and possible rewards are much 
higher. When all the cases are averaged, however, it appears that 
cash renters make one-half again as much as share croppers, while 
share renters make about one-fifth more than share croppers. 


! Tasuie VII, 
| " 
Percentage having a labor income of not Percentage having a labor income oinot 
less than each specified amount. less than each specified amount. 
Amount Amount 
OM een eT a |. = 
Se All Share Share Cash cone. All Share Share Cash 
tenants. |croppers.| renters. | renters. tenants. |croppers.| renters. | renters. 
GQeisée 98. 0 98. 8 97.1 95.6 |} $600... 15.0 5.1 19.2 28, 2 
$100....- 94,0 97.1 92. 0 90. 2 700. . 10. 6 2. 4 12.3 21.8 
200) 432 82. 0 84.3 ioe 80. 8 800. - 6.7 1.0 7.4 15.1 
S002 E a1- 59. 9 56. 6 61.9 63. 9 900 - 4.5 0. 5 ei 11.1 
400..... 36.1 24. 6 43.5 50. 1 || 1,000- 3.5 0.5 3.0 8.4 
500..... 22. 1 10.1 26. 4 37.0 


LANDLORDS’ PROFITS IN RELATION TO TENANTS’ LABOR INCOME. 


‘Table VIII shows the rate of interest received by landlords on their 
investment in farms whose tenants made each specified labor income. 
The accompanying chart (fig. 3) shows the relationship graphically. 


Tasie VIII. 
Labor income. — 
Class of tenants. $1,000 
All Deficit Under | $100 to | $300 to | $500 to | $700 to ih 
tenants. "1. $100. $299. $499. $699. $999. owen, 
Number of tenants in each labor income group. 
All tenants 22255 a ansee cease eee 878 18 35 299 332 101 62 31 
Phare Chop PSISeseeerr eee eee eeeeee. 445 1 12 180 204 38 8 2 
Shareirenters, 2b oo 52) Se ce sees ses tak 136 4 7 41 48 18 i4 4 
Cashirenterss: $22 5.2484 - eget Es 297 13 16 78 80 45 40 25 


Average rate of interest on landlord’s investment on holdings eo 
tenants in each labor income group. 


All tenantss. seis se SS eee 10.6 7.0 Dao) 8.2 12.7 13.2 9.6 10,2 
Phareicroppelse: eee e reece eee ene 13.6 ial ah Al eh 7 15. 5 19.8 18. 2 25.7 
Sharementers: <2 24-0 tee eee ee 11.8 Trl 8.0 9. 2 12, 4 13.3 14,8 16.6 
Cashinentenrsss ate eee aS aa ewe oe 6.6 8.0 ang 6.8 6.7 6.4 6.0 Wil 


The landlord made only 1.1 per cent on his investment in the case 
of the share cropper who lost money and only 3.1 per cent where 
the tenant made under $100, but the rate increased rapidly with the 
tenants’ labor income, and in the cases where the tenant made as 
much as $1,000 he gave the landlord a return of over 25 per cent 


FARMING IN YAZOO—MISSISSIPPI DELTA. 13 


n his investment. In case of the share renters the landlord in no 
roup averaged less than 7.1 per cent and his rate of interest rose as 
igh as 16.6 per cent where the tenant had a labor income as high as 
1,000. In the case of cash renters the landlord’s rate of interest 
aried within much narrower limits, the lowest being 5.7 per cent, 
here the tenants made less than $100, and the highest, 8 per cent, 
here the tenants reported a deficit. 

The variations in the rates of the landlords’ interest are somewhat 
regular owing to the small numbers involved, but in general it is clear 
hat the landlord takes the greatest chances and, when successful, 
saps the highest rewards from share croppers; with share renters the 


AVERAGE] 
PATE OF SHARE CROPPERS 


12.8% 


TENANTS 
LABOR 
INCOME 


Fig. 3.—Rate of interest on landlords’ investments in relation to tenants’ labor income. 


isks are less, and so are the possible rewards; while with cash renters 
he landlord takes a minimum risk and is assured of a return of 6 or 7 
er cent on his investment, which is less than he would ordinarily 
eceive for money loaned in this locality with land as security. 


ENANT’S LABOR INCOME AND LANDLORD’S PROFITS IN RELATION 
TO ACREAGE IN COTTON AND YIELD PER ACRE. 


It has been seen (page 7) that the share croppers averaged 17 acres 
n cotton, as compared with 20.9 acres for share renters and 22.6 acres 
or cash renters. Table [X shows the actual number and the per- 
entage of each class of tenants that had a cotton acreage within 
ach specified size group. A derivative table showing the percentage 
aving not less than each acreage in cotton is also presented (Table X). 
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TasBLe IX. 
Number of each class of tenants that | Percentage of each class of tenants that 
5 have each specified acreage in cotton. have each specified acreage in cotton. 
Acres in cotton. 
All Share Share Cash | All Share Share Cash 


tenants. | croppers.| renters. | renters. | tenants. | croppers.| renters. | renters. 


Pa totalsccscse-- 4. 878 445 136 297 100.0 100.0 100.0 100. 0: 
(Upsve (ints) Crows Bo GaSoN Ses eo Sel Boa ne sol laaoGoosasolloscolosodcllsasouascaceacott co ne|=sosseeses||qzocoese5 
5 to 9 acres.-.--.-.--- 30 22 1 7 3.4 5.0 0.7 2.4 
10 to 14 acres..-...--- 205 139 25 41 23.4 31.2 18.4 13.8: 
15 to 19 acres-.--..--- 291 167 39 85 33.1 37.5 28.7 28. 6 
20 to 24 acres...----.- 173 79 28 66 19.7 17.8 20.6 22.2 
25 to 29 acres....-.--- 70 17 25 28 8.0 3.8 18.4 9.5 
30 to 34 acres..-.----- 51 8 13 30 5.8 1.8 9.6 10.1 
35 to 39 acres.....-.-- 23 5 1 17 2.6 1.1 ou Sth 
40 to 44 acres......--- 15 4 3 8 1.7 9 2.2 2.7 
45 to 49 acres....----- OM oe sieea ae 4] wares LeO ee jet Bate Seeeusa ei 25 3.0 
50 acres and over....- 11 4 1 6 1.3 9 7 2.0 

TABLE X 


Percentage of each class of 
tenants having mot less than 
each specified acreage in 


A cotton. 
Acreage in cotton. 


Share Share Cash 


croppers.| renters. | renters. 
Not less than— 

100. 0 100.0 100. 0 
95.0 99.3 97.6 
63.8 80.9 83.8 
26.3 52. 2 55. 2 

8.5 31.6 33. 0 
4.7 13.2 23.5 
2.9 3.6 13.4 
1.8 2.9 7.7 
9 od 5.0 
ot 7 2.0 


Each of the tenants studied had at least 5 acres of cotton; of the 
share croppers 95 per cent had 10 acres or more, of the share renters 
99.3 per cent, and of the cash renters 97.6 per cent. Less than two- 
thirds of the share croppers had as much as 15 acres, and only about 
one-fourth had 20 acres or more, while of the share renters and of 
the cash renters the majority had 20 acres or more and about one- 
third had 25 acres or over. The proportion of share croppers having 
as much as 30 acres was only 4.7 per cent, and in the groups above 
that acreage the proportion was insignificant. Of the cash renters 
nearly one-fourth had as much as 30 acres in cotton, more than one- 
eighth had 35 acres, 7.7 per cent had 40 acres, 5 per cent had 45 
acres, and 2 per cent had 50 acres or more. Relatively nearly as 
many of the share renters as of the cash renters had 25 acres or over, 
but considerably fewer share renters had a larger acreage, and only 
one had as much as 50 acres. i 

Table XI shows the relationship between size of cotton acreage, 
tenant’s labor income, and rate of interest on landlord’s investment. 
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TaBLeE XI. 


Tenants having each specified acreage in 
cotton. 


Class of tenants. 


20-94 | 29 acres 


Total. |, Under | 15-19 and 


15acres.| acres. | acres. 


over. 
All tenants: 
Numbernihaving each acreage’)... 3. soci ne. Lice ce beeen 878 235 291 173 179 
Per cent having each acreage. ....................--------- 100.0 26.8 83. 1 19.7 20. 4 
AEOne Oeil DOT INCOM Oia atete ts ilanr terrain oee <2 eee $392 $293 $332 $387 $622 
Rate of interest on landlord’s investment..........-......- 10.6 12.0 10.5 11.4 9.4 
Share econ ners 
Numiber having each acreage... ...2.:......2--- sce teeecene 445 161 167 79 38 
Per cent having each acreage. ........-...........-2..22--- 100.0 36. 2 BV lof) 17.8 8.5 
AS CT-s EO IRON OLLI) COI Gore eat rh Sea hy arcs 2 aya eb /als Sow le atopy ome $333 $285 $314 $388 $493 
Rate of interest on landlord’s investment................-- 13.6 13.8 12.6 15.1 13.3 
Share renters: 
Number having each acreage. .....................--.----- 136 26 39 28 43 
Per cent ‘having each acreage. 2:..-...-.. 2.22.2 ede eee 100.0 19.1 28.7 20.6 31.6 
ASOLO OO OEUNCOMNTO selec ceiele orate ose ki). Seer yon $398 $334 $308 $386 $525 
Rate of interest on landlord’s investment.................. 11.8 10.8 10.4 12.1 12.6 
Cash renters: 
Numbenhaving each acreage... 24.0) 5.5... ob accee cece 297 48 85. 66 98 
Per cent having each acreage. ..............-.-.--.----.--- 100.0 16.2 28.6 22.2 33.0 
Averace la pOrimCOMess 024-62. ooo kee eee, $478 $295 $380 $386 $714 
Rate of interest on landlord’s investment ..................| 6.6 6.6 6.6 6.6 6.5 


The labor income of the tenants increases steadily, with but one 
exception, with the increase in the acreage of cotton. The principal 
reason why the cash renters make a much higher average labor income 
is that one-third of them have 25 or more acres in cotton. The 
difference in average labor income between the classes of tenants is 
not so marked on the smaller holdings, but becomes very decided on 
holdings of 25 acres or more. This point is brought out in Table XII, 
in which the average labor income in each size group is figured for 
share renters and cash renters on the basis of 100 for share croppers. 


TABLE XII. 
Average labor income in holdings falling 
within each size group (on basis of 100 
for share croppers). 
Class of tenants. 
Under 15| 15 to 19 | 20 to 24 | 25 acres 
acres. acres. acres. |and over. 
RaLOT E/ChOPNDOLS SAA <a pared NaN eee ON Ne SEM ia eo 100 100 100 100 
SHER ROMTE A Se I i ee oe ee MANS 117 98 99 107 
UST OITLOR Se eece eee fod, Mh lige ed 2 Se gre oat aii rremene 104 121 99 145 


The figures suggest the conclusion that the method of renting land 
is comparatively unimportant on small holdings where the labor in- 
come of all classes of tenants is low, but where the tenant has as 
much as 25 acres in cotton, the cash renters have a decided advantage 
over the other tenants. 
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The rate of interest on the landlord’s investment varies but little 
with the acreage in cotton, but there seems to be a tendency for the 
rate to be slightly higher on the larger holdings of share croppers and 
share renters and on the smaller holdings of cash renters. 

A study of the relationship between size of holdings and yield of 
cotton per acre seems to indicate, as is shown in Table XIII, that the 
yields vary but little and rather irregularly in holdings of different 
sizes, with a tendency for somewhat larger yields on smaller holdings. 


TaBLe XIII. 


Average yield of cotton per acre for tenants whose 
cotton acreage falls within each size group. 


Class of tenants. 


All Under 15] 15 to 19 |. 20 to 24 | 25 acres 


classes. acres. acres. acres. | and over. 
ANI tenamtst,2 285. ois sees ceactb act ae sea eee bees 0. 66 0.73 0. 64 0. 65 0.65 
SIEN® GON UA. o 2. sss2cscoesesseasse sotesenecoosss - 69 715 «65 - 69 . 65 
SATO TOMLOTS = cst aero eee eae AER eis eee es - 69 275 - 63 -70 . 69 
Cash rentersa.-'-t 4 sae 25 te Pe aE eee eee -6L . 64 -61 aby) . 63 


Table XIV shows the relation between yield of cotton per acre, 
tenant’s labor income, and landlord’s profits. 
_ The two accompanying charts (figs. 4 and 5) show this relationship 
graphically. 


TABLE XIV. 
Tenants having each specified yield of 
cotton per acre (in bales). 
Class of tenants. 
Under | 0.6 to | 0.8to | 1 and 
soe LOtG cia hiO88s aaliaallleahs | coven: 
All tenants: : i 

Nfl ber tna sea chive lcs =e ae eee eee ee eer 878 235 291 173 179 
Percent havaneveachi yield ieee secree] esses eee ee 100.0 26.8 Sis 1 19.7 20. 4 
Average labor imcome:--. <2 - 22222222 e eee = = $392 | $246} $435 | $504 $624 
Average rate of interest on landlord’s investment (percent).| 10.6 7.0 10.3 15.8 16.4 


Share croppers: 


Number havingleach yield S232 eee. Sesser. -eeaee ee == 445 161 167 79 38 
iRencentwhavin ceachhyleldeeeeeeseeeee sees ee eee eee 100.0 a6. 2 37.5 17.8 8.5 
Average amore COM CS errr een rlee ba) er st ete vee $333 $235 $321 $426 $458 
Average rate of interest on landlord’s investment (per cent). 13.6 Teal, 13.4 19.6 19.9 
Share renters: 
Number Havaneteach wield seer. s-2 sss) eee ee 136 26 39 28 43 
Ren cehtwhayvins each yields gee. eeeee cee eeeeeeeerers 100.0 19.1 28.7 20.6 31.6 
AverarelabonincComels-—- erent a= there aetene epee eee $398 $194 $437 $526 $753 
Average rate of interest on landlord’s investment (percent).| 11.8 8.3 12.6 13.4 14.5 
‘Cash renters: 
Numibetshayvinseacht yield 22s: a see eee e eee =i) 297 48 85 66 98 
Percent havineleach, yield. see 6 ee. deo eee ee ass: 100.0 16.2 28.6 2252 33.0 
IAN CLAS OL aDOL INCOMES 92 eet os oe a pee eee aaen eae $478 $272 $577 $791 | $1, 256 
Average rate of interest on landlord’s investment (per cent). 6.6 6.7 6.4 6.0 8.1 


- The yield of cotton per acre is the determining factor in the profits 
of farming in the Yazoo-Mississippi Delta. Where the yield was as 
much as a bale of cotton per acre the tenant made $624 for his labor 
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and the landlord received 16.4 per cent on his investment, while 
where the yield was less than 0.6 of a bale the tenant had a labor 
income of $246 and the landlord only made 7 per cent on his money. 


TENANTS TENANTS 
LABOR | SHARE CROPPERS SHARE RENTERS CASH RENTERS LABOR 
INCOME INCOME 


YIELD OF 
COTTON 
PER AGRE 


Fic. 4.—Tenants’ labor income in relation to yield of cotton per acre. 


The labor income goes up with the yield of cotton for all classes of 
tenants, but the rise is least pronounced for share croppers and most 
pronounced for cash renters. Thus the labor income of a share 


AVERAGE i AVERAGE 
RATEOF | SHARE CROPPERS | SHARE RENTERS CASH RENTERS RATE OF | 
INTEREST : aye INTEREST 


18% 


16% 


14% 


12% 


10% 


8% 


6% 


| i i: 


2% 


Peron, UNDER GTO 8TO IBALE | UNDER 6TO .8TO IBALE | UNDER 6TO .8TO IBALE PEED | 
-SBALE .8B BALE 1 BALE &OVER -GBALE .8BALE IBALE &OVER PER ACRE 


PER ACRE| -©BALE -8BALE IBALE & OVER 
Fic. 5.—Rate of interest on landlords’ investment in relation to yicld of cotton per acre. 


cropper was not quite twice as great where the yield was a bale or 
more as where it was under 0.6 of a bale, while the labor income of 
a share renter was nearly four times as great, and that of a cash 
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renter more than four and one-half times as great where the yield 
was high as where it was low. 

The situation is reversed as regards the interest on the landlord’s 
investment. ‘The rate on share croppers’ holdings was nearly three 
times as great where the yield was a bale or more as where it was 
under 0.6 of a bale, on share renters’ holdings it was one and three- 
fourths times as great and on cash renters’ it was about one and 
one-fifth times as great. 

Thus, while the landlord is interested in good yields for his tenant; 
no matter what the nature of his contract, the landlord gains a great 
deal more by higher yields in the case of share croppers than he does 
in the case of share renters or of cash renters. 

The landlord, it will be observed, has a greater object to serve by 
keeping a close supervision over his share croppers, and, furthermore, 
his supervision is the more necessary for this class of tenants, inas- 
much as they themselves are not so greatly benefited by a higher 
yield as are the other types of tenants. 
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Farm machinery is utilized to the best advantage when it is used 
in profitable work continuously until it is worn out.!' If a mower 
will give 50 days of actual service, it would be more economical to 
wear it out in 50 days of continuous service than by working it 5 
days a year for 10 years. If such a mower costs $45, and money is 
worth 6 per cent, the total cost of using the mower 50 days, not count- 
ing repairs, is $45 plus 374 cents interest. But if the mower is used 
for 50 days spread out over 10 years, the total cost rises to $45 plus 
$14.85 interest,” and the interest charge per acre or per ton of hay 
becomes 40 times as great as in the first instance. There is also a 
replacement cost; that is, the sum which must be charged against the 
machine annually to provide for getting a new machine when it wears 
out, which tends to make it more economical to make the most of a 
machine while it is comparatively new. If machinery could be kept 
from deteriorating from rust and decay, this replacement cost per 


1Jn addition to cost of operation, the use of farm machinery entails three kinds of expense, as follows: 
(1) To provide for the replacement of the implement when it is worn out; (2) to pay interest on the cost of 
the machine; and (3) to keep it in repair. These are referred to in the following text and tables as replace- 
ment cost, interest charge, and repairs, respectively. In most cases there is also more or less expense for 
shelter for the machinery. 

2 Tithe mower lasts 10 years, 10 per cent being charged off annually for replacement, the average amount 
upon which 6 per cent interest is earned is $24.75, the interest on $24.75 for 10 years at 6 per cent being $14.85. 
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acre or per bushel or ton would be constant, but in actual practice a 
machine used but a few days per year lasts only a little longer than 
a similar machine used twice as much. Thus the replacement cost 
per acre depends largely on the number of days per year the machine 
is used. 

From the standpoint of good management, therefore, the farmer 
should try to organize his business so as to obtain the maximum of 
profitable use annually from his machinery equipment, thereby 
reducing the machinery cost per day of work to the minimum. 

The study upon which this bulletin is based was made with a view to 
gathering facts and figures which might be of value to the farmer in 
his efforts to cut machinery cost. To this end figures were obtained 
to determine the average number of years of service given by each of 
the various implements in use in the part of New York where the 
investigation was made, and from the average life of each implement 
and its cost when new the approximate cost of its operation has been 


calculated. 
SUMMARY OF RESULTS. 5 


Briefly summarized, these are the more important facts brought 
out or substantiated by this investigation: 

The more days’ work done annually by an implement the greater 
is its total of days and acres of work done before wearing out. 

The average farm machine used in this section is less than half worn 
out by use alone. 

The more days of actual use obtained annualiy from an implement 
the less the interest charge per acre and per day actually used. 

The replacement cost per acre or per bushel or ton is from two to 
seven or eight times as great for small acreages as for large acreages. 

The farmer with a small acreage can not compete in economy in 
the use of machinery with the farmer having a larger business. With 
the best of shelter and care, the small farm can‘only hope to equal the 
replacement cost per unit enjoyed by the large farm; it can not hope 
to avoid higher interest charges. 

As a rule, it is not profitable to build for machinery any special 
shelter which adds over 15 per cent to the total machinery invest- 
ment on a farm. 

Repair charges per machine increase with increasing use, but not 
in proportion to the amount of work done. In other words, repair 
charges per acre and per day decrease as the acreage covered annually 
increases. 

The larger and more substantial sizes of machinery give cheaper 
service than the lighter sizes, since the cost for repairs is much lower 
for the heavy machine than for the lighter machine, while the first 
cost is but a fraction greater. 


ye 
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In Table I is summarized the average service and cost of the 
principal implements used in western New York. The annual service 
obtained is expressed in acres and indays. The total service rendered 
is expressed in years, days, and acres. The average cost of each 
implement is shown, and the machinery cost per acre, comprising 
depreciation, interest, and repairs, is set out for each implement. 

In referring to the cost per acre covered, as shown in this table, 
it should be borne in mind that these figures are averages and that 
they do not show the very important bearing which variation in the 
acreage covered annually has upon the cost per acre of using a 
machine. This relation is brought out strikingly in the tables that 
follow. For example, it will be shown that where a mower covers 
but 13.8 acres annually it costs the owner 36 cents per acre, while 
the mower that covers 53.6 acres annually costs but 10 cents per 
acre cut. 


Taste I1.—Summary, showing average service rendered by 18 kinds of farm implements in 
western New York, and average machinery cost per acre. 


ROG. icarenet ia Acres covered. Cost per acre covered. 
age 
GAYS fanaa Pea Te | GPE SERS Ono [| cake es COst; 
Implement. Work | pave ; neo'| jhe bf new 
per er nter- e- 
year. |. be Years. year. Total. ere est. | pairs, Total. 
Walking plow....-...-.-- 19.2 | 224] 11.7 | 32.9 | 384.9 | $0.026 | $0.010 | $0.062 | $0.098 | $10.00 
Sulky plow ........--- 6 14.7} 119 8.1 | 30.9 | 250.3 - 170 «046 . 069 - 285 42. 50 
_ Spring-tooth harrow.....- 6.6 7B) | eee ez Pe yisbaal 023 007 - O11 041 17. 50 
Spike-tooth harrow......- 3.1 43} 14.0 | 48.3 | 676.2 016 007 . 007 030 10. 50 
Disk harrow .......----.-- 4.2 54} 13.0 | 35.2] 457.6 059 025 -014 098 27.00 
fyand roller... ......-...- 4.7 75 | 16.0 | 65.9 |1,054.4 023 011 - 007 041 24. 00 
ET helt | 4.6 76 | 16.4 | 46.3 | 759.3 095 049 . 027 171 72. 00 
Corn planter, 1-row......- 9 LON 1714 4.1 48.0 250 111 -170 531 12.00 
Corh planter, 2-row-......- 8 9} 11.0] 8.2 91.3 440 158 . 200 798 40. 00 
Cultivator, 1-row........- 4.1 58 | 14.0] 16.9 | 236.6 027 012 021 060 6. 50 
Cultivator, 2-row.......-- 5.6 70 | 12.5} 39.3 | 491.3 065 027 . 025 117 32.00 
Cabbage transplanter..... 3.4 43 | 12.8] 12.5] 160.0 280 114 - O91 485 45. 00 
WEY BOF GSS EAGc SORE IEE 3.1 46 | 14.8] 28.0] 414.4 099 047 . 065 211 41.00 
iy TAs e200 2.23252. 2.6 37 | 14.5 | 43.0] 623.5 038 019 . 008 065 24. 00 
feicny tedder....-.----..-- 1.5 21 | 14.0] 21.6 | 302.4 112 051 - 019 182 34. 00 
Bean harvester.........-- 2.3 29) 12.9} 16.9] 218.0 115 048 . 060 223 25 
Graimbinder.......-.-.-- 3.4 53 | 15.4] 35.2 | 542.1 . 231 . 113 - 058 -402 | 125.00 
morn binder. £:./.).....\.'. 3.7 40 | 10.8) 21.1) 227.9 -550 | ..194 . 096 .840 | 125.00 


SCOPE OF INQUIRY. 


Under actual conditions on the farm there are other factors than 
use which affect the service obtained from farm machinery. These 
are (1) exposure to the weather, (2) care in operation, and (3) design 
and material used in the construction of the implements. No 
attempt was made in this inquiry to determine the relative influence 
of exposure, care, and design on the total service rendered by farm 
implements The sole purpose was to determine how much service 
standard farm machinery gives in western New York under the aver- 
age of the conditions existing there. No mechanical or engineering 
features were considered. 
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The larger the acreage the farmer has over which he profitably can 
work a machine, the more able is he to afford a well-built article of 
good design. There is no doubt, also, that farmers having large 
capital and business will average better as operators of machinery 
than will men who are content or obliged by personal limitations to 
operate a small business. Data obtained im this section regarding 
repairs also indicate that farmers having the larger acreages to work 
do so with the lower repair charges per acre. This is due, partly at 
least, to the fact that some repairs are made necessary because of 
deterioration when the machinery is idle. But it is probably also 
due in part to the fact that the better managers on the large farms 
make repairs, adjustments, and give other needed attention promptly, 
thereby reducing the repair costs and obtaining more units of work 
from each implement. The economic aspects of expenditure to 
shelter farm machinery from exposure to the elements are referred 
to hereafter. 

SOURCES OF DATA.” 


An inquiry addressed to several thousand farmers in ‘Niagara, 
Orleans, Monroe, Wayne, Genesee, Livingston, and Ontario Counties 
in western New York afforded a considerable mass of data from 
which the utility of farm machinery in this section has been de- 
termined. Facilities for housmg machinery in this section are very 
much better than the average the country over, the natural thrift 
of the farmers leading them to house such property as much as pos- 
sible. On account of the large amount of rainfall, hay and grain 
crops are usually stored in the relatively large barns typical of the 
area, so that during the summer months many farm implements 
stand out exposed to the weather until the barns are emptied of 
these bulky crops. At other seasons, however, the machinery is 
well housed. In mechanical ability there is no doubt that the 
farmers in this section are the equal of any. 

In response to the inquiry reports were obtained for 1,165 walking 
plows, 294 sulky plows, 1,169 spring-tooth harrows, 824 spike-tooth 
harrows, 738 disk harrows, 1,173 land rollers, 1,061 grain drills, 72 
one-row corn planters, 97 two-row corn planters, 1,114 one-horse 
cultivators, 881 riding cultivators, 217 cabbage transplanters, 359 
engine sprayers, 1,232 mowers, 1,217 hay rakes, 416 hay tedders, 
563 bean harvesters, 1,028 grain binders, and 458 corn binders. The 
bean harvesters, cabbage setters, and corn binders are used chiefly 
in Livingston and Genesee Counties, while the engine sprayers have 
their widest use in the fruit-growing counties along the lake. The 
other implements are used on nearly every farm. Corn is planted 
almost entirely with the grain drill, few corn planters bemg used. 


aie sf 
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METHOD OF COMPUTING MACHINERY REPLACEMENT COSTS. 


There are a number of ways in which replacement costs may be 
computed and distributed, but a discussion of these methods and 
their application to the various types of busimess and conditions 
where they are in vogue would be out of place here. 

The method chosen as being best adapted for use on the farm con- 
sists in charging off annually a part of the first cost of the implement 
in proportion to its use on the farm and under field conditions. Thus 
by reference to Table II for walking plows, the service rendered by a 
plow that covers 15.6 acres annually is 12.5 years, so that the part 
that should be set aside annually to provide for the replacement of 
this plow (1+12.5) is 8 per cent of the first cost of the plow. In 
other words, the replacement charge per year, per acre, or per day 
is based on proportional use and not on the market valuation or sale 
price of the equipment at any time during its life. From the stand- 
point of the man on the farm who expects to remain in the business, 
this is a logical method touse. To the great majority of farmers, who 
intend to continue in the farming business for periods exceeding the 
duration of the life of their machinery, the tables which follow will 
be found useful in estimating the machinery cost of proposed work 
and the fair charge against work already done. To the man expecting 
to discontinue farming and sell his machinery, or to the man negoti- 
ating for the purchase of second-hand implements, knowledge of the 
further units of work that may be expected from machinery that has 
already performed a given amount will assist in determining its fair 
value to both buyer and seller. 


METHOD OF COMPUTING THE INTEREST CHARGE.! 


Where a part of the first cost of equipment is charged off annually 
to provide for its replacement, the average investment upon which 
interest must be allowed is shown in the schedule below: 


Average Average Average 

Fraction of cost new |_!2V°St-_ || Fraction of cost new |_1@VeSt- || Fraction of cost new | MVest- 
charged off annually. ment kor charged off annually. merit (ose charged off annually. pent cpee 
first cost). first cost). first cost). 
PAT SPR MAME SOLUS 21 100.00 || One-eighth........-.- 56. 25 || One-fifteenth.......-- 53.33 
Mne-nalfe. Se oo 2k saee <i 75.00 || One-ninth...........-- 55.55 || One-sixteenth......... 53.12 
One-third. ~...--.<-.. 66.66 || One-tenth.......-...- 55.00 || One-seventeenth....-- 52.93 
One-TourtM=:---..--- 5. 62.50 || One-eleventh......... 54.54 || One-eighteenth.....-. 52.77 
RHO rfiii Hes <<< <j <2 25% 60.00 |} One-twelfth..........- 54.17 || One-nineteenth-...-.-.- 52. 63 
One-sixth: .<\<24 sees 58.33 || One-thirteenth........ 53. 84 || One-twentieth.......- 52.50 

One-seventh.......... 57.14 || One-fourteenth....... 53.57 


1 The average investment in equipment, where a fraction of its first cost is charged off each year for re- 
years of service+1_ 


placement, may be found by the rule: Average investment—first costX Fears of servicex2 
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By multiplying the average investment by the prevailing rate of 
interest in the locality where the equipment is located the average 
annual interest charge against the equipment is found. In con- 
nection with the tables which follow the replacement cost and the 
interest charge have been computed by the foregoing methods in 
terms of the year, the acre, and the day actually used. 


/ 
METHOD OF DETERMINING THE SERVICE OF FARM MACHINERY. 


The farm conditions which affect the annual service rendered by 
machinery are so many and various in the same locality, and so 
different between widely separated areas, that no general method of 
approximating the annual depreciation is feasible. Actual records 
on a sufficiently large number of machines extending through a 
period of years long enough to determine the life in use can not be 
secured on account of the expense and improbable continuity of the 
record keeping. A method was found, however, which yielded re- 
sults rapidly and gave averages based on large numbers of reports 
for each kind of implement,! this method being used in obtaining 
data in the limited area in western New York, which is presented in 
the tables that follow: 


EXPLANATION OF THE TABLES. 


In the tables the machines are, in most cases, grouped according 
to the amount of work done annually. In all cases the years of 
service decrease with increasing annual use, but not in the same 
proportion. This is due to the fact that machinery depreciates to 
some extent when not in use. The decrease in length of time with 
increased annual use would be greater than actually shown in the 
tables were it not for the fact that the machines used on the smaller 
acreages are smaller and less substantially built. The average size 
of the implements doing the respective amounts of annual work is 
shown in the third line in each table. 

The service of each implement is expressed in years and acres 
and in days of actual use. The performance in years was found by 
the method already explained; the service in acres was obtained by 
multiplying the service in years by the average work done annually; 

1 Where the number of machines in a given area is stationary, the design and construction uniform and 
established, and the implement has been in use there for a period exceeding the average life of such imple- 
ment, the average years of service may be found by dividing the entire number by the number one year 
old. 

Or, under the conditions just mentioned, the average service may also be found approximately by adding 
the present age of the respective machines reported, dividing by the total number to obtain the average 
present age of the group, multiplying this average by 2 and subtracting 1. By the latter method not such 
large numbers are required to insure a reliable average. 

In computing the service in years for the tables in this bulletin both methods were used, and, while the 
results were practically the same in mostcases by each method, they were combined and the average taken 


to offset to some extent the too great influence of the occasional very old individual on the average 
obtained by the second method. 
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the work in days was found by dividing the service in acres by the 
normal acreage or day’s work done by the implements of the 
respective average sizes. This normal day’s work, or daily duty of 
the respective machines, was also obtained from the same farmers 
in western New York. 

Following each table, the replacement cost and interest charge 
to correspond have been computed, using 6 per cent 4s the local 
interest rate. The interest charge for any other rate may readily 
be found by applying proportion to the averages here given. 


THE COST OF REPAIRS. 


Where ordinary care is used by the operator, the repair charges for 
most kinds of farm machinery used in growing crops should make 
up but a small proportion of the total cost of production. It is 
often desirable, however, to know what the average repair charge 
for the different machines may be in order to arrive at a fair allow- 
ance for such repairs in planning future farm work or in determining 
the cost of work already done. But little data have ever been made 
available that could be used by the man on the farm, the county 
agent, the agricultural instructor, or the investigator in farm organi- 
zation and management, in determining the repair cost for the 
machinery used on any given farm enterprise. 

In the same inquiry through which the data on the service of the 
farm machinery was obtained for western New York, the repair 
charges against these implements were also accumulated. In all of 
the tables the total amount of repairs during life is given for each 
implement, corresponding to the same annual service for which the 
replacement and interest charges have been computed. The cost 
of repairs per year, per day actually used, and per acre can be 
readily computed. Tables II to XIX afford complete data, therefore, 
for this area, on the machinery cost of farm operations. 


DETAILED STUDY OF IMPLEMENTS. 
' WALKING PLOW. 


From Table II, for walking plows, it appears that the average 
plow used in this section is about 12 inches wide; that it averages 
32.9 acres of plowing annually, and lasts on the average 11.7 years. 
During this time it covers an average of 384.9 acres and is used a 
total of 224 days. Of all farm implements, the walking plow gives 
by far the most days of service. The heavier plows do more work 
annually. They also plow more acres and do more days of work 
before they are worn out. Since the walking plow is an implement 
of low cost, the interest charge is relatively low. Its long use reduces 
the replacement charge per acre, but the heavy work required of it 
makes the repair charge per acre equal that of a grain binder and 
exceed that for most of the other implements. 
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Taste Il.—Walking plows—relation of work done annually to service and cost per acre 
and per day used on 1,165 farms. 


Range of area covered annually... .. acres..| 1to20. | 21 to 30. | 31 to 40. | 41 to 50. 5] and Average. 


over. 
Number of records included.-..........--- 263 407 292 120 CE Ae ae es 
Average area covered annually..... acres. - 15.6 28.0 39.6 48.4 68.5 32.9 
Years of service rendered........-.-------- 12.5 12.2 ibe 11.0 8.6 11.7 
Acres covered during life................-- 195.0 341.6 463.3 532. 4 589.1 384.9 
Days &ctually used during life............. 115 204 269 291 300 224 
Average width of plow...........-. inches. . 9.0 10.4 12.8 14.0 15.1 11.8 
Cost when newece 35: Sedeecedcoceess eek $8. 00 $9. 25 $11. 50 $12.00 $13.00 $10. 00 
Total cost of repairs during life...........- 17.25 24. 64 25.27 27.28 27.95 23.99 
Total interest during life at 6 per cent. ...-. 3.25 3. 66 4.45 4.84 3.78 3.86 
Total of depreciation, interest, and 

repairs during life........-......-- 28. 50 37.55 41.22 44.12 44.73 37.85 

Cost of walking plow: 
Per dayiusedit.2cfe es: ee $0. 248 $0. 184 $0. 153 $0. 151 $0. 149 $0. 169 
Per acre plowed..........-.--.-------- . 146 107 - 089 - 082 -076 - 098 


The average cost of new walking plows of the average size shown 
in Table I is $10. Even though the heavier plows cost more money, 
the machinery and interest charges per acre and per day progressively 
decrease, as more work is done annually by the plow. There is a 
uniform dlemabaret in the cost of repairs per acre as the acreage plowed 
annually is increased. The size and weight of the plow also increase 
with the increasing acreage. The average cost per acre for repairs 
is $0.062. The repairs made to a plow during its life amount to 
more than twice its first cost. 


Tasie III.—Sulky plows—relation of work done annually to service and cost per acre 
and per day used on 294 farms. 


Range of area covered annually .............------------ acres..| 1to 20. | 21 to 40. ee Average. 
iINumpberiof records included? =2r- ce. 2 see see eee eee 89 150 DOM ee series. 
Average area covered annually........-.-.-.------------ acres. . 14.3 32.8 55.1 30.9 
Years ofservicerendereds -22o60 e752 ee eyes eh La ee 11.3 7.0 6. 2 8.1 
Acresicovered duming lifes = jaan yan oe eee eee ee eae 161.6 229.6 341.6 250.3 
Daysactually used during life. 2222.2 222225. 22-22 eee ae ee 83 108 150 119 
Average width of plows: s--s- see sacee ee eee eee ee eeee inches. - 11.0 13.1 16.5 13.3 
Cost When New ic sac. cteste were cee osinea seo acee ere eee $40. 00 $45. 00 $47. 50 $42. 50 
Total cost of repairs during life.......-..--.-..----------------- 14.92 15.75 19. 65 17.17 
Totalinterest during life at 6 per cent........-....--.---------- 14. 92 10.78 10. 29 11.58 
Total of depreciation, interest, and repairs during life... .. 69. 84 71. 53 77.44 71. 25 
Cost of sulky plow: 
Periday used. i245 eames oe cee ae vee Seen eel $0. 841 $0. 662 $0. 516 $0. 590 
Per acre plowed 15-252 05: -BRe Us shhh ca sekto Saeco eee - 432 311 229 284 


THE SULKY PLOW. 


The sulky plow (Table IIT) is much less generally used in western 
New York than is the walking plow, only 294 being reported as com- 
pared with 1,165 walking plows. Greater acreages are plowed daily 
per plow than with walking plows, and the number of days of work 
done annually by the sulky plow is somewhat less than for the walking 
plow. A sulky plow requires three horses for its proper operation, 
and this increased power applied to the implement results in greater 
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strain and wear on the working parts than for walking plows. The 
average sulky plow in this section works 119 days and plows 250 
acres of land. Its cost new is over three times that of a walking 
plow; so that the overhead charges (replacement and interest) are 
five or six times as much per acre and over five times as much per 
day. The quality of work done by the sulky plow when properly 
operated is sufficiently superior to offset the greater overhead charges. 

The decrease in cost per acre with increase of annual use show very 
conclusively the advantage of covering large acreages per plow 
annually. 

The man with a small acreage may reduce his replacement cost 
somewhat by buying a lighter plow at a lower price, but even this 
does not eliminate the economic disadvantage under which he labors. 

Sulky plows have a higher average repair charge per acre than do 
walking plows, the average being $0.069. Thesulky plowsin general 
use cost from $40 to $45, so that the total repair charges during life 
average 42 per cent of the first cost of the implement. The repair 
charges decrease as the acreage plowed is increased, this being in 
part accounted for by the larger plows used on the greater acreages. 

THE SPRING-TOOTH HARROW. | 


In Table IV is shown the performance of spring-tooth harrows. 
The spring-tooth harrow is an implement that gives long service in 
years and also in terms of acres harrowed. Because of the large 
areas covered daily, its life in days actually worked averages only 73. 
The spring-tooth harrow is an implement that is given very poor 
shelter, its form making it awkward to house, and it often lies out 
unprotected from one year’s end to another. The repair charges on 
these harrows are also very small. From the standpoint of work 
done it is a machine of very high efficiency, averaging 11 years of life 
and 782 acres of work. Table IV, lke all of the other tables, shows 
that the larger machines which do the most work annually also do the 
greatest total of acres and days before being worn out. 


Tasie IV.—Spring-tooth harrows—relation of work done annually to service and cost 
per acre and per day used on 1,169 farms. 


Range of area covered annually.............- acres..| 1 to 40. | 41 to 80. |81 to 150. pot and Average. 
| ee 
Number of records included..........-.--.---------- 417 408 276 G8y lees do. bo - 
Average area covered annually..........-..--- acres. . 29.5 61.0 111.6 222.3 (fila 
Nears Of Service rendered <<. : . -)- 225. - 2 osc esiec eee -- 11.6 11.1 10. 2 8.9 11.0 
Acres covered during lifes! 2.2.0... el... eee ee 342.0 677.1) 1,188.3} 1,978.5 782. 1 
Days actually used during life...............2....... 39 74 96 149 73 
Average width of harrow........-.--.--.------ feet. - 5.7 6.5 teh 10. 4 6.9 
GStIMWNOM TOW Shou n=. ake eos. MOA RS MESA Se $15. 00 $17. 00 $20. 00 $24. 00 $17. 50 
Total cost of repairs during life...................--- 6.15 8. 88 9. 28 10. 86 8. 25 
Total interest during life at 6 per cent.............-. 5. 92 6. 22 6. 73 8. 16 5. 83 
Total of ceo, interest, and repairs 

ern eai fee a WE ee Bee ae 27.07 32. 10 36. 01 43. 02 | 31. 58 

Cost of poring tooth harrow: 
CIC ay AISCGe tse Silty. SP Paste a ee hes SAE $0. 794 $0. 433 $0. 37 $0. 288 $0. 432 
Om ACKe I ATEOW EO e sae a2 shoo cet ccs ee de oS ee . 079 . 047 - 032 - 021 . 043 
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The approximate cost of new spring-tooth harrows of the average 
sizes shown in Table IV is $17.50. The replacement cost for each 
time an acre is harrowed with the spring-tooth harrow is $0.023, and 
the interest charge per acre averages about $0.007. 

The repairecharges on spring-tooth harrows are very small per acre 
covered, being only $0.011 on the average. The total repairs made 
during the life of the average sprmg-tooth harrow cost about 47 per 
cent as much as the harrow itself when new. 


THE SPIKE-TOOTH HARROW. 


The spike-tooth harrow (Table V) is not in such general use in this 
section as is the spring-tooth harrow. It is a longer-lived implement 
than the spring-tooth harrow by about 27 per cent in terms of years, 
but it does about one-third less work in terms of acres. The class of 
soils on which the spike-tooth harrow can be used is lighter, and the 
character of work required of it is much less severe. In this section 
the spike-tooth harrow lasts an average of 14 years, dog 43 days 
of work and covering 676 acres of land. Like the sprmg-tooth har- 
row and walking plow, it is a low-priced implement, so that the 
interest charge, as well as the machinery or replacement charge per 
day and per acre, is relatively low. 

Spike-tooth harrows of the average size given in Table V cost when 
new about $10.50. The average cost for harrowing an acre is $0.016 
for replacement and $0.007 for interest. 


TaBLE V.—Sprke-tooth harrows—relation of work done annually to service and cost per 
acre and per day used on 824 farms. 


Range of area covered annually ...-acres..| 1 to 20. | 21 to 40, | 41 to 60. | 61 to 100. ene Average. 
Number of records included.............-- 193 301 151 138 AN dnt cereweg 
Average area covered annually ..-.. acres. . 15.7 33.3 52.8 86. 4 166. 6 48.3 
Years of service rendered..........---.---- 18.4 13.6 12.9 12.4 10.0 14.0 
Acres covered during life.............-.... 288. 9 452.9 681.1] 1,071.4] 1,666.0 676. 2 
Days actually used during life........-.-. 24 37 40 64 79 43 
Average width of harrow..-....------ feet. 6.3 7.3 9.5 10.6 13.8 8.5 
Cost when Newsnet eee ee $7.75 |  $9.00| $12.00| $13.00] $17.00| $10.50 
Total cost of repairs during life............ 2.76 4,22 3.35 eo, 7.70 4.76 
Total interest during life at 6 per cent...-. 4,42 3. 94 5. 29 5. 21 5. 60 4,76 
Total of depreciation, interest, and 

Tepairs during life. soaps ae -eoe 14.93. 17. 16 20. 64 25. 53 30. 30 20. 02 

Cost of spike-tooth harrow: 
mberiday MSedi os cter tas sa. eee ese lo $0. 622 $0. 464 $0. 516 $0. 400 $0. 383 $0. 465 
© sPeriacre harrow ed 2225. eee ene oe - 052 - 038 . 030 - 024 - 018 - 029 


The spike-tooth harrow is an implement having lower repair 
charges per acre than does the sprmg-tooth harrow, the average 
being only $0.007 per acre. It is not subjected to the severe strains 
met by the spring-tooth harrow, as the latter is used on much heavier 
and more stony land where the spike-tooth harrow would not work 


ee 


a 
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at all. The total cost of repairs during the life of the spike-tooth 
harrow in this section amounts to only 20 per cent of the first cost 
of the implement. . 

THE DISK HARROW. 


The disk harrows used in western New York (Table VI) show an 
average of 13 years, 457 acres, and 54 days of actual work. The 
9-foot disk harrow, working 99 acres annually, as compared with a 
54-foot disk harrow, covermg 16.7 acres annually, or one-sixth as 
much, lasts only two years less, covers five times as much land before 
wearing out, and works four times as many days. The cost of the 
larger implement exceeds that of the smaller by only 25 to 30 per 
cent. The farmer who has the greatest use for a disk harrow obtains 
the greatest return per day and per acre on his investment. 

The depreciation charge against the disk harrow averages $0.059 
per acre and the interest charge $0.025 per acre. The disk harrow 
is a much more expensive implement per acre than is the spike-tooth 
harrow or the spring-tooth harrow. Farmers who can use the larger 
disk harrows drawn by larger teams working over large acreages 
annually are seen to have a very great advantage economically in the 
matter of overhead charges. 


Taste VI.—Disk harrows—relation of work done annually to service and cost per acre 
and per day used on 738 farms. 


{ 


Range of area covered annually _........-.....---2+----- acres..| 1025. | 26 to 50. Shand Average. 
Number ofrecords: included 535222 352.0 eo2ea- bist = seo eee 374 271 Ui es ket ae 
Average area, covered annually.......:.2.--.-2--2--+----- acres... 16.7 38.8 99.0 35.2 
Wears onsenvice rendered? 222222508 le 2. eae seins Saree ech che 13.8 12.4 11.7 13.0 
PNETESICOVELEO CUMIN MIC. ga se. = 0582-2 Scenes: eA SAee EEE 230.5 481.1] 1,158.3 457.6 
Daysmchialbyusedidurin elites. 29852 s28 55.0). .4 teases eee eee e 30 55 121 54 
vena SOnwiC bil Ol MARLOW) ooo. -layrye yeni ie ee wwe ee ema feet... 5.5 6.8 9.0 6.4 
WOSTAVHEN DO We © cia sara crepe stsrai= = pa a Soe a eee ae .-.| $25.00 $28. 00 $32. 00 $27.00 
otal costioirepairsiduring lites)... 22425205... vese ose eee 5.80 5.83 10.30 6.59 
Total interest during life, at 6 per cent .....-......--.-.--.--..- 11.18 11.28 12.17 11.31 
Total of depreciation, interest, and repairs during life. .___. 41.98 45.11 54. 47 44.81 
Cost of disk harrow: 
IEGTE GE N¢ (WINS TS ori lee Re a eo ee le $1. 40 $0. 82 $0. 45 30.83 
JPGIP GHD CUEING LOR Saas neta Sees eee ee ne ee Screen . 182 094 . 047 098 


Disk harrows are operated in this section at an ayerage cost of 
$0.014 per acre for repairs. From Table VI it appears the total 
amount of repairs during the life of the average 6-foot disk harrow 
is $6.50, or about 24 per cent of the first cost of the machine. 


THE LAND ROLLER. 


The land roller is an implement which is subjected to a minimum 
of wear in use. From Table VII it is seen that a roller that covers 
2,100 acres lasts nearly as long as one that covers less than 500 acres. 
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The roller is also damaged but little by exposure. It is one of the 


last implements to be housed, and often is not sheltered at all. From 
the standpoint of replacement, interest, and repair charges per acre, 
it is one of the most mexpensive implements on the farm. The 
average roller in western New York does 75 days of actual work, 
extending through a period of 16 years, covering 1,054 acres. The 
average replacement charge per acre is $0.023, and the interest 
charge at 6 per cent is $0.011. 


Taste VII.—Land rollers—relation of work done annually to service and cost per acre 
and per day used on 1,173 farms. 


Range of area covered annually ...........--.----------- acres..| 1 to 40. | 41 to 80. ee Average. 
Numberloirecordssncliudedss) 5: =) 5228) eee eee 425 493 Z| bic ac Aaaee 
Average area covered annually 29.5 60. 0 138. 2 65.9 
Years of service rendered....... Sane 16.5 15.8 15.2 16.0- 
Acres covered during life........... 486.8 948.0 | 2,100.6 1,054.4 
Days actually used during lifes s ese ee eee eee eee 39 68 145 75 
Average width of roller?_..22:.....522.222.2-0 22-2 2+-- +5 a 7.2 8.0 10.0 8.1 
Cost when’mew. 95554. o At eS S ES A a ae $20. 00 $22.00 $25.00 $24. 00 
Total cost ofrepairs duringlife-_...-..........---------.---.---- 5.94 7.90 9.12 7.52 
Total interest during life at 6 percent..............---.---------- 10. 56 11.06 12.16 11.20 
Total of depreciation, interest, and repairs during life. ..... 36. 50 40. 98 46.28 42.72 

Cost of land roller: 

POT Biy: WSC Cle Sia ray reece ie ee Ne ee $0. 93 $0. 60 $0. 32 $0. 57 
IPG NOUS HOWL 6 35025525255 sasecssssscessse7 222 se5ssc8e2 - 075 - 043 - 022 - 041 


Land rollers cost an average of only $0.007 per acre for repairs. 
The average land roller used in this area should cost about $24, and 
the total repairs necessary during its life average about 32 per cent 
of the original cost of the implement. 


THE GRAIN DRILL. 


The grain drill (Table VIII) is a comparatively expensive machine 
and is used only a few days in the year. The interest charge per 
day is therefore high. Grain drills in western New York last an 
average of 16.4 years in doing 76 days of work. Since they cover 
from 6 to 12 acres per day, the depreciation and interest charges*per 
acre are but a small proportion of the cost of the men and horses used 
with them. Grain drills are substantially built, and are capable of 
doing many more days of work than the average farmer obtains from 
them. a 

From the computations for grain drills, it appears that there is an 
average depreciation charge of $0.095 per acre and an interest charge 
of $0.049 per acre. An $85 drill, doing 75 or more acres of work 
annually, costs less than one-third as much per acre as a $65 drill, 
doing less than 25 acres annually. 


ej 


TaBLe VIII.—Grain drills—relation of work done annually to service and cost per acre 
and per day used on 1,061 farms. 


MACHINERY COST OF FARM OPERATIONS. 13 


Range of areacovered annually.........------ acres..| 1t025. | 25t050. | 51 to 75. peend Average. 
Number ofrecordsincluded............-..---.-.-.-- 272 505 195 CT RAS ee ae 
Average area covered annually.......-...---- acres. - 20. 2 40.5 65.1 117.5 46.3 
Years of service rendered......-.----..-------------- 15.5 16.6 15.7 13.9 16.4 
meres covered during life... .--.--.-2-----2.------= 353. 5 672.3 | 1,022.1] 1,633.3 759. 3 
Daysactually used during life............-------..-- 39 67 102 160 76 
Average width of drill.........-------.-.-+---- feet. . 5.1 6.3 6. 4 7.3 6,2 
Uemra Brute ep decrcoey. shies oes: ds aakGRs see nc $65.00} $72.00| $75.00] $85.00| $72.00 
Total cost of repairs during life......-.--...-..------ 13. 83 20.75 27.63 24. 88 20. 66 
Totalinterest during life at 6 per cent.......-..-...- 36.05 39. 01 37. 68 38. 09 37.56 
Total of depreciation, interest, and repairs 
GMM ONTTON dasa ee was ecee nas scien aces ce 114, 88 131. 76 140. 31 147.97 130. 22 
Cost of grain drill: 
PonGemiseGecs etses se. ty Mes Sey Pie ees ok $2. 95 $1.94 $1. 38 $0. 92 $1.71 
TEASE E42) A260 a pl e aa a ae rO - 328 . 196 . 137 . 090 .171 


Grain drills require an average repair expense of $0.027 per acre. 
The average 6-foot drill used in this territory costs about $72, and 
the total repairs made during its life amount to approximately 29 

per cent of the cost when new. 


THE CORN PLANTER. 


Corn is usually planted in drills with the grain drill in western 
New York, so that few corn planters were reported for this section. 
The areas devoted to corn do not justify the purchase of a special 
planter for this work, as the cost of their use per day and per acre 
is greater than where the grain drill is employed to do the corn plant- 
ing as well as the other seeding. From the limited data submitted 
for corn planters (Table TX), the 1-row type averages less than 1 day 
of use annually, while the 2-row type is used even less. 

The replacement charges for corn planters costing $12 is $1.025 
annually, or $0.25 per acre. The interest charge is $0.46 per annum, 
or $0.112 per acre. For planters costing $40 the corresponding 
charges are: Replacement, $3.64 per annum, or $0.438 per acre; 
interest, $1.13 per annum, or $0.136 per acre. 

Corn planters are comparatively expensive tools to keep in repair. 
The average 1-horse planter costs $0.69 annually for repairs and the 
2-horse planter $1.68 annually. The total repairs during the life of 
the 1-horse machine amount to an average of 67 per cent of its first 
cost, while the total for the 2-horse machine is about 46 per cent of 
the first cost. The average cost for repairs per acre in this section 
is $0.17 for the 1-horse planter and $0.20 for the 2-horse planter. 
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TaBLE [X.—Corn planters—relation of work done annually to service and cost per acre 
and per day used on 169 farms. 


Range ofjarea coveredannually <2 so 42 Aa joste th Se ee oe ees acres..| 1to5. 6 to 10. 
Numberiofrecordsimeludedi =... = Js a-8 2 el ee eh eee 72 97 
Average area coverediammually, 5.5.22: 922-3. -6 ceed cece ee eee ae acres. - 4,1 8.3 
Wearsiofsenvace rendered’. 22. 2. sate = - 2 eters =o - oe Ie er ee a ee 1G 
sNeresicoveredidurinoiifes << 3.5 2 30 oc 2 85.2 ee eee eee pee Eee eee 48.0 | 91.3 
Daysactuallywused during life. 2.8252 4 4-0.522... oA ee eee eee | 10 9 
Sizeof implement. j- eee e-\<-2 - ee: aoc ee = See ee ee eee | 1-row. 2-row. 
Gost whennew...:1tMeeeeeceeicen este le. eet ie ee | $12.00 | $40.00 
Total cost ofrepairsid@uring life.(y2-—-5_. = SL eee - ee ee ee 8.07 18. 48 
otal interest durineditelat/G per CeMt y= see a ae ee 5. 38 12.41 
Total of depreciation, interest, and repairs during life..-............-.-..--..- 25.45 70. 89 
Cost of corn planter: . 
Pendayatised:=s sees 5 ee Ss eee = eee ee eee $2. 55 $7. 89 
Per acreiplanted ac. sas-2~ 422 2)< a Be ai ne ee . 53 -79 


THE ONE-HORSE CULTIVATOR. 


The average 1-horse cultivator lasts 14 years and does 58 days of 
work (Table X). The farmer who cultivates annually 60 acres, as 
compared with the man who cultivates only 7, obtains over five times _ 
as much acreage and days of use from a similar implement. 

Although the larger acreages are cultivated by the more expen- 
sive and better implements the machines working the smaller acre- 
ages annually are, nevertheless, the more expensive per acre. The 
average depreciation charge was found to be $0.027 per acre and the 
interest charge, at 6 per cent, is $0.012 per acre. 


TaBLE X.—One-horse cultivators—relation of work done annually to service and cost per 
acre and per day used on 926 farms. 


Range of area covered annually..............- acres..| 1 to 10. | 11 to 20. | 21 to 40. ee Average. 
Number of records included. .........-.--.--.-------- 476 352 27 7A Sees 
Average area covered annually.....-....---.-- acres. . 6.8 15. 4 28. 2 57.9 16.9 
Years of service rendered........--.----------------- 105, 14.7 12.8 9.6 14.0 
Acres covered during life...........-.----.----------- 103.4 226. 4 361.0 555.8 236.6 
Days actually used during life.........--..----.-.--- 25 56 89 137 58 
Cost when New: 2224s fsscces o<ae oe eos ease ee See eee $6.00 $6. 50 $7.25 $8. 50 $6. 50 
Total cost of repairs during life..........-...--.------ 3.80 5. 88 5.37 5. 47 4.90 
Total interest during life at 6 per cent.......--------- 2.89 3.09 3.07 2.69 2.94 
Total of depreciation, interest, and repairs 

Quinine Wife. ees hs eek aad SER eas ee ae 12. 69 15. 47 15.69 16. 66 14. 34 

Cost of 1-horse cultivator: “i 
Per: dayiused eyes =) see pee ras oe aoe eis be paeee $0. 507 $0. 276 $0. 176 $0. 121 $0. 247 


FReracrecultivated .322teek techt.ct see eee ole} - 068 - 043 . 029 - 060 


The average repairs for 1-horse cultivators amount to $4.90 during 
their entire life, or about 75 per cent of the first cost of the implement. _ 
The average repair charge per acre is $0.021 and per day $0.085. 
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THE RIDING CULTIVATOR. 


The riding cultivators used in this section (Table XI) last an 
average of 12.5 years, doing 491 acres or 70 days of work. A culti- 
vator that covers 15 acres annually lasts only three years longer 
than one that cultivates 125 acres annually, being used in all less 
than one-sixth as many days. Rust and decay appear to exact a 
heavy toll of the man with limited use for his cultivator. 

From the computations for riding cultivators it appears that the 
overhead charges per acre are more than twice those for the walking 
cultivator, the depreciation charge averaging $0.065 per acre and 
the interest charge $0.027. But to cover a given acre with a 1-horse 
cultivator requires nearly twice as many man hours as it does to 
cultivate the same area with a 2-horse implement. Where wages 
are low, especially if the area to be cultivated is small, the 1-horse 
implement is more economical; but where wages are high and the 
area large, it is cheaper to use a 2-horse implement. 


TasLte XI.—Riding cultivators—relation of work done annually to service and cost per 
acre and per day used on 881 farms. 


| 


Range of area covered annually............-- acres. .| 1 to 20. | 21 to 40. | 41 to 80. Bljang Average 
Number of records included. ......-.....------------ 321 294 190 (bel ananceser 
Average area covered annually............----. acres. .| 14.7 31.6 58.3 124.8 39.3 
means Ofservice rendered.....---22--22e---22sse-e-06+ | 13.7 12.8 11.4 10.7 12.5 
meres covered during: life... 2-22-22. se eee ieee 201.4 404.5 664.6 | 1,335.4 491.3 
Days actually used during life...............-.....-- 28 57 93 186 70 
Cost when new..-....------ jucteccoascss2pneseacgce> $30. 00 $32.00 $35.00 $36. 00 $32.00 
Total cost of repairs during life........-...-.--.------ 8.91 12. 67 13.34 21.72 12.38 
Total interest during life at 6 per cent......-...---.-- 13.29 13.31 13.00 12. 63 13.00 
Total of depreciation, interest, and repairs 

GLInNT iy INOS cade pe ee Seep eee oa 5 ao SeeeeaSee 52.20 57.98 61.34 70.35 57.38 

Cost of riding cultivator: 
PGi CENT GiGi SeneseceeRdeerecees eos eeeeeeee $1. 87 $1. 02 $0. 66 $0. 38 $0. 82 
Ranacre cultivated: emescsec cs cere ete st se sees - 259 - 143 - 092 - 057 -117 


The average cost of repairs per acre for riding cultivators is $0.025, 
only a little more than for the walking type. The total repairs 
during the life of the average riding cultivator amount to about 40 
per cent of its first cost. 


THE CABBAGE TRANSPLANTER. 


Cabbage transplanters, setting an average of 12.5 acres annually, 
last nearly 13 years, doing 43 days of actual work (Table XII). 
Farmers having the larger areas to plant obtain much greater acreages 
and days of work from their transplanters. These highly specialized 
planting machines could well be owned on shares, so that the imple- 
ment cost per acre might be reduced by planting more acres annually. 
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TasLE XII.—Cabbage transplanters—relation of work done annually to service and cost 
per acre and per day used on 217 farms. 


Range of areacovered annually...............-.------2----++------ acres..| 1to1o. | 2!and 


ao Average. 
Numiperonrecords)im ela aces 526 saree one rarer reer es 139 Sate ee eee 
Average area covered annually.........----.-------------+-- eee eee acres... 6.2 28.8 Jpal2ey 
Wears ofsernvice rendered so. ee eee eee aee ee aey alee a ee ae 13.2 11.9 12.8 
Acresicovered Guringlnteet oe eae kOe SB SI Er ce 81.8 283. 2 160.0 
Haysactually used(dunmeite. 22 soso e see ee eee ea eee eee eee eee 22 77 ; 43 
Cost when new..--.--.- sbhegsencdddssecseesensssoccooeesassessseessusec22 $15.00 | $45.00] $45.00 
Dotalcost oLrepairsdummnpilite. so esses eee es eee eee ee eee eee 11.74 18. 56 14, 46 
Total interest during life at 6 per cent.............-.-...-.2--------------- 19. 14 17.37 18.56 
Total of depreciation, interest, and repairs during life.........-.._.- 75. 88 80. 93 78. 02 

Cost of cabbage transplanter: 

POL. GayelSeG «2/2 sate cies Alin sere orem cies <1Se =the oe eRe See $3. 45 $1.05 $1. 81 

IPEPaChOiSObi jc. 2 sete ee eo neice Sore Seeele Se ee ae ie See eae Eee SRE .927 . 285 . 487 


For the use of a transplanter costing $45 there are charges for 
replacement and interest averaging $0.28 per acre for depreciation 
and $0.114 per acre for interest at 6 per cent. 

The repairs on cabbage transplanters average $0.091 per acre ‘or 
$0.336 per day used. The average transplanter costs about $45 and 
the repairs necessary during its life amount to about 36 per cent of 
the original outlay for the machine. 


ENGINE SPRAYER. 


The average cost of repairs for gasoline-engine-operated spraying 
outfits is $0.27 per day (Table XIII). The number of trees per acre 
is so variable that it is most convenient to consider repair charges on 
the basis of the tree rather than the acre. 


TaBLE XIII.—Cost of repairs for gasoline-engine-driven power sprayers in western New 


York. 
Days used annually. Cost of repairs. 
; Auniber 
mee report- 
Range. Average. | sprayer He aay as 
annually. 
TOD eeee ee 3.9 $1.05 $0. 27 41 
GitoMOese ees 9.0 3.3. .37 140 
IND io) Uae eee 13. 6 5.06 Rom 71 
16 to20!- see 19.2 5.44 - 28 52 
21 and over... 37.6 5. 85 .16 55 
Average....| 15.2 4.11 27 359 


The average number of trees that can be sprayed in a day with a 
gasoline-engine outfit is about 220, the trees having an average height 
and spread of 18 to 20 feet. The average repair cost per tree amounts 


+. 
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to about one-eighth of 1 cent. The average cost per tree for trees of 
different height 1 is approximately as follows: 


Height of tree. oar oe 
12 feet on lesSi.. . scracieidns cain $0. 0008 
TS CO AOC Ote < cae cosecedsect .0015 
21 feet and over............ o0n21 
AV CLS SOs. ernie. — snares 0012 


The cost per acre depends upon the number of trees planted per 
acre, and can readily be computed for any given orchard by multi- 
plying the appropriate one of the above amounts by the number of 


trees per acre. 
MOWERS. 


While the mower is a machine with rapidly reciprocating parts, it 
gives relatively long service. Inspection of Table XIV indicates 
that the average farmer does not obtain the maximum days of work 
from his mower. Mowers that cut 14 acres annually last only four 
years longer than machines that cut 90 acres a year, the latter doing 

100 days of work against 25 for the former. The size of the mower 
has some influence on the total acres cut by mowers before wearing 
out, but the principal contributing factor to a high record of days of 
work appears to be large acreage annually. 


TaBLeE XIV.—Mowers—relation of work done annually to service and cost per acre and 
per day used on 1,232 farms. 


, 


61 and 


Range ofareacovered annually..-.. acres..| 1to15. | 16 to 30. | 31 to 45. | 46 to 60. Avie Average. 
Number ofrecords included......-..------ 368 518 193 110 C8) keeReSesse 
Average area covered annualiy...-- 13.8 23. 6 38. 8 53. 6 85. 8 28.0 
Years of service rendered 16.1 14.3 14.6 13.1 11.9 14.8 
Acres covered during life 222. 2 337.5 566.5 702.2 | 1,056.7 414.4 
Days actually used during life............- 25 38 60 70 100 46 
Average width of mower............. feet... 4.9 50 5.4 6.0 6.4 5.2 
OS eo $40.00] $40.00] $42.00] $45.00] $47.50] $41.00 
Totalcost ofrepairs during life............ 19. 00 24. 45 35. 7 37. 47 37. 84 26. 94 
Total interest during life, at 6 per cent... - 20. 45 18. 30 19071 19. 00 18. 33 19. 39 
Total of depreciation, interest, and 
repairs during life... -........-=--< 79.45 82.75 97.48 101. 47 103. 67 87.33 
Cost of mower: 
Renday used 22. fs 225- f2 ettee 22h. 24322 $3. 18 $2. 18 $1. 62 $1.45 $1. 04 $1. 90 
PORACKOMMOWOG. oo ose cee ee nen 307 . 245 172 144 . 098 . 210 


The overhead charges against mowers doing the amount of annual 
work shown in Table XIV average $0.099 for depreciation and 
$0.047 for interest per acre. 


1 Computed from Table XXVI, U.S. Dept. of Agr. Bul. No. 3. 
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The mower requires repairs amounting to $0.065 per acre, or $0.60 
per day used. The total repairs necessary during the life of the 
average mower amount to $26.94, or about 66 per cent of the cost of 
a new mower at $41. 

THE HAY RAKE. 


From the standpoint of shelter when not in use, the hay rake 
(Table XV) is probably the most abused implement on the farm. 
It is a tool which covers large acreages in a day, so that its low 
record of actual days of work is offset by a low overhead cost per 
acre and per ton. The average 10-foot rake in this section lasts 14.5 
years in doing 37 days of work, and raking 623 acres of hay. 

Against hay rakes in western New York costing an average of 
$24, the average depreciation charge per acre is $0.038 and the 
interest charge $0.019. These overhead charges become steadily less 
as the acreage raked annually is increased. 


TaBLE XV.—Hay rakes—relation of work done annually to service and cost per acre Gn 
per day used on 1,217 farms. 


Range of area covered annually ............--...----0-- acres. .| 1 to 25. | 26 to 50. phend, Average. 
Number ofrecords included........-.--.--------+--------------- 402 525 P2105 esa 
Average area covered annually.............-......--..-- acres. . 17.8 39.1 84.9 43.0 
Years.of service rendered. - <2) - a -j- «ees sleie oe gece dees oe 13.0 15.6 13.8 14.5 
Acres covered during life............---------------2----- eee 231.4 610.0} 1,171.6 623. 5 
Days actually used during life...........-..2-.---2-2--2-------- 16 36 67 37 
Average width ofrake...........----------------- eee eee ee feet... 8.6 9.9 11.4 9.8 
Cost When NOW. jc ccs os cia8 cic aise said emis seyrisiene cee es neiseee ae $22. 00 $24. 00 $26. 00 $24. 00 
Total cost of repairs during life...............------.--.-------- 3. 64 5. 93 6.07 5. 22 
Total interest during life, at 6 per cent.--------.--..-...-.--..- 9. 23 12.01 11. 49 11.17 
Total of depreciation, interest, and repairs during life... - . 34. 87 41,94 43. 56 40. 39 
Cost of hay rake: 
Per Gay Sed? 6) ree) ee eee ao as operetta regs $2. 19 $1.17 $0. 65 $1. 09 
Poriacre raked secs ae ae cess eececisee a eeeeeeee -151 . 062 - 037 - 065 


The hay rake is used without heavy repair charges, the average. 
being only $0.008 per acre, or $0.141 per day used. The total re- 
pairs during its life are only $5.22, or about 22 per cent of its original 


cost. 
THE HAY TEDDER. 


The hay tedder is an implement that must be kept on hand by 
growers of considerable acreages of hay, but in some seasons it is not 
used much. Of the 416 tedders reported in Table XVI, the average 
service is 14 years, out of which only 21 days’ use of the tedder is 
obtained. 

The overhead charges per acre on hay tedders average $0.112 for 
depreciation and $0.051 for interest. 


ea 
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Taste XVI.—Hay tedders—relation of work done annually to service and cost per acre 
and per day used on 416 farms. 


81 and 


Range of area covered annually ...................-.---- acres..| 1t015. | 16t030.} “j 4. | Average. 
PUTIN EROUTCCOTOSNCIICO = <0 on. onic reine ces sneer cecnennwaineces 174 190 52a oa 
Average area covered annually...........-.---...-.--.-- acres. . 9.9 23.9 52.2 21.6 
PAPADHORSONVICOTONGOTOO «<0 6 on one een cone cnn s en Seer eenneses= 14.8 13.8 12.6 14.0 
Meresicovered during life: . <6. 5.22 ./3.---)-- sass sa seeaeiaee 146.5 329. 8 657.7 302. 4 
Mave actualy vised during life. ........22-----------seceece cee 10 23 46 21 
(a WHIT OG A SESE BE SSS ea a er se ee eee see $32.00 | $35.00} $35.00 $34. 00 
‘otalcost ofmepairs during life: . 2.) 2:2). 32... 225-222. eee tee 3. 85 7.04 6. 68 5. 74 
Total interest during life, at 6 per cent..........--.------..---- 15. 10 15. 69 14. 24 15. 26 
Total of depreciation, interest, and repairs during life..... 50. 95 57. 73 55. 92 55. 00 
Cost of hay tedder: 
PREVI CANINE as ce tele aio )o mono ala = a oisicinia six shsininwieisjninin'= w/a cteioie'seinie'sie $5. 10 $2. 51 $1. 21 $2. 61 
RenACreed edits. ae- Jas sist hae} ales Wa -Dialsis ise “eta -stis sbas _ 1348 175 - 085 . 181 


The annual repairs for a hay tedder average only $0.41, the cost per 
acre being $0.019. The hay tedder is used only a few days in the 
season. The repair cost per day amounts to $0.273. The average 
first cost of a hay tedder is about $34, so that the total repairs needed 
during its life on the farm are only 17 per cent of the original cost of 


the implement. 
THE BEAN HARVESTER. 


The bean harvester used in western New York is an implement with 
no moving parts, and lasts about 13 years, of which 29 days are spent 
in actual work harvesting 218 acres. If wheel bearings are properly 
lubricated and the knives kept repaired or replaced as they wear, 
these machines should last almost indefinitely. The data of Table 
XVII indicates that the amount of work done up to 45 days has little 
effect on the life of the harvesters. 


Taste XVII.—Bean harvesters—relation of work done annually to service and cost per 
acre and per day used on 563 farms. 


Range of area covered annually .........-.-..--.-------- acres..| 1to10. | 11 to 20. | 21 to 30. | Average. 


Number of records included..............-2-2-----2----2-e- eee 168 266 1b!) he) es ee 
Average areas covered annually.............-.---.------ acres. . 8.5 17.1 27.6 16.9 
mwearsof service rendered - £22.22 JF 22 ee eee 13.7 12.5 12.7 12.9 
PACKESICOVETCG CUTIES Life ooo Fs oo obo oecscec ec ncte mene oe 116. 4 213. 8 350. 5 218.0 
Days actually used during life..............-2.222------022002-- 15 28 46 29 
PRES IAWI CH MO Wieee = ohio s cctenh Saias ten eciue cisions sath uauemetieeses $25. 00 $25. 00 $25. 00 $25. 00 
Total cost of repairs during life...........22.2.222- /-2s<0c- 22s 8. 63 12. 50 19. 81 13. 03 
Totalinterest during life, at 6 per cent... 11.10 10. 13 10. 16 10. 32 
Total depreciation, interest, and repairs during life ....... 44,73 48. 03 54.97 48.35 
Cost of bean harvester: Pe law (are 
CHIU YP USCU s~Nuln Sia oe cela soe casas ects: Soest cencnecneeece s $2. 98 $1.71 $1.19 $1. 67 
Bern sore harvested: ctaeas a) -.ssavsticic wae cos sseeetueee goes - 384 . 224 . 156 . 221 


On bean harvesters the average depreciation charge per acre is 
$0.115 and the interest charge $0.048. 
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The cost of repairs for the bean harvester averages $0.06 per acre, 
$0.449 per day used, and $13.03 for its entire life on the farm, or about 
60 per cent of its first cost. 


THE GRAIN BINDER. 


Although a grain binder is a large and complicated machine, with 
many revolving and reciprocating parts, it lasts an average of over 15 
years in western New York in cutting 542 acres, but does only 53 days 
of actual work (Table XVIII). As in the case of other implements, 
the smaller binders last longer in years but do less work in days and 
acres than the larger machines. 


TaBLE XVIII.—Grain binders—relation of work done annually to service and cost per 
acre and per day used on 1,028 farms. 


61 and 


Range of area covered annually .....-..-..-.- acres..| 1to 20. | 21t0 40. | 41t060.| (12, | Average. 
Number of records included.............-.....-.---- 274 494 191 (Oy eee apa 
Average areas covered annually........--...- acres. - 15.5 32.5 52.8 85.0 35. 2 
Nears ofservace rendered smectite eee eee 17.8 14.4 14.2 13.6 15.4 
Acres covered during lite 223 222 --lee ee a oe = i= 275.9 468.0 749.8 | 1,156.0 542.1 
Days actually used during life.......-...--..-------- 27 45 92 103 53 
Average width of binder....-....-.....-.-....- feet. - 5.6 6.0 6.1 71 6.0 
Cost when new......-.- ag aoosongocabadssoveosobccone $125.00 | $125.00 | $130.00} $135.00 $125. 00 
Total cost of repairs during life.....-..-.-.--....-..- 24.92 26.50 39.05 54. 67 31.20 
Total interest during life at 6 per cent.....--.-....-- 70. 49 57. 74 59.21 59.16 61.60 
Total of depreciation, interest, and repairs dur- 
Ing dife eas eke Beas te cise asteiecoiseeoeenieee 220. 41 209. 24 228. 26 248. 83 218.02 
Cost of grain binder: 
Per dayaused pee + aseeese seb tae eee es $8.15 $4. 47 $3.17 $2. 42 $4. 11 
Rerjacre (CUb eis. mececieeiecetee pmceee eee eeeree - 80 447 304 215 - 402 


For grain binders the depreciation and interest charges average 
$0.231 and $0.113 per acre, respectively. A binder that cuts 16 
acres annually costs about 34 times as much per acre as one that cuts 
70 acres a year. As the acreage cut increases the interest charge 
becomes a smaller proportion of the total overhead charge, as is the 
case with the other implements. 

It costs nearly 60 cents a day of use to keep a grain binder in 
repair, or $0.058 per acre cut. Before a binder is worn out 25 per 
cent of its first cost, on the average, must be spent to keep it in 


running order. 
THE CORN BINDER. 


From Table XIX it appears that the corn binder is not in such 
common use as are the grain binder, mower, and other standard 
machines in this section. The average corn binder does only 40 
days of actual work, and there is no doubt but that it could render 
several times this much service before wearing out. 
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Taste XIX.—Corn binders—relation of work done annually to service and cost per acre 
and per day used on 458 farms. 


names OF aYOa COVETEH ANNUALLY .cic ke ec cee eee c cece cee cccceececes acres..| 1 to 15. penn Average. 
RPA TOCOLOS INCLU Oiic.c cnr anf Pai cic nwt nine cpieeanuasmanaieeaisccaesiaesis 233 DOD sone ade eee 
Average area covered annually... 22.2222. eee eee cece cect eee wees acres. . 10.1 32.5 21.2 
meats Of Servacerendered.........-.-5.------0-ecn- sae teeeate octineene as 11.0 10.6 10.8 
Pp MeURTOOICUTIT PLUG ta... soe ene ace as ce bres ook once wemie casa smmies Benes 111.1 344.5 227.9 
oo Sh Cui Ds iG lay tag bt Ca ee ee oe ae ee 19 60 40 
BE NUOI TOW = cise nieve cin. e(s ain cinceic eee ncaice- X $125.00 $125. 00 
Total cost of repairs during life 28. 20 21.92 
Total interest during life at 6 per cent 42.46 43-28 
Total of depreciation, interest, and repairs during life............-. 185. 73 195. 66 190. 20 
Cost of corn binder: 
GG ERT DEC PSE Se Pee Ae ee eee eee ea ae eee $9.7 $3. 24 $4.76 
RGR ECR? GTi Oe RS a5 38 SP CeSBEE Be eee ee Ste a yea 1.67 - 568 83 


The replacement cost averages $0.55 per acre and the interest 
charge at 6 per cent is $0.194 per care. 

The corn binder requires an expenditure of $0.096 per acre for 
repairs, or about $0.50 for each day used. About 17% per cent 
must be added to its original cost for repairs during its life. 


RELATION OF ANNUAL REPAIRS TO FIRST COST. 


In making farm plans for the years to come, it is often desirable 
to know what the normal relation is between the first cost of an im- 
plement and the annual repairs which must be provided for. Table 
XX has been prepared for the purpose of affording data of this char- 
acter for the implements discussed in this bulletin. The sizes of 
implements shown in the first column of the table are the same as 
the averages for the corresponding implements in Tables II to XIX. 

The first cost in the second column is taken from farm inventories 
recorded in the western New York area. The third column of the 
table shows the percentage of the first cost that must, on the average, 
be laid out annually for repairs for each implement. 

The fourth column is the average present value of the respective 
implements that would be obtained by making an inventory valua- 
tion and computing the average. The fifth column shows the per- 
centage of the present value that must be laid out for repairs annu- 
ally to keep each machine in running order. 

1 The fourth column of the table represents the average investment upon which the farmer must earn 
interest at the borrowing rate in his locality where he charges off for depreciation annually a part of the 
first cost in proportion to the average life of his respective implements. This average investment is iden- 
tical with the average present value that would be obtained by making an inventory valuation of the 


same implements and computing the average. The relation of first cost to average farm value of machinery 
in use is shown on page 5 for equipment having average life ranging from 1 to 20 years. 
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TABLE XX. “oRsigdin of the annual outlay for repairs to the first cost and present male 
of farm implements in western New York. 


Per cent 
Per cent of : 

IS SATAN first cost | Average oy pea 

Implement. crag First cost. | expended | present aS 
size. pended an- 

annually value. nually for 

for repairs. repairs. 

wee eimlOWrss. = Li caeees olayae bensttese 11.8 inches. $10. 00 20.5 $5. 43 37.8 
aio Rome Sas ee aloes SESE 13.3 inches. 42. 50 5.0 23. 88 8.9 
Suriae tooth arrow. Lesa. | cstsssecee 6.9 feet... 17. 50 4.3 9. 54 7.9 
Spike-tooth harrow ; 11 feet 17.00 2.0 9. 01 3.8 
Disk harrowee sos. - at oeee =4|'6: Bia 27. 00 1.8 14. 54 3.4 
(hand mollersees= >see esse : 24. 00 2.0 12.75 3.8 
Grammar ee A PEE Re 2 esac Less 72. 00 1.8 38. 19 3.3 
Corn ean SOAR SPIGe a IHiia AIGA EER AOS 12. 00 5.8 6. 51 10.6 
Puls ee SS ek ie a em ae 40. 00 4.2 21. 82 7.7 
1- nome cultivators. 25) BUee oO. eases coeeteee eee 6. 50 5. 4 3. 48 10.0 
Riding cultivator... seeken sean esas sfeee eee eee _ 32.00 Sh il 17. 28 5.7 
Cabbageisetter2s..-. ssa ed ee 2 SS ee ey ape 45. 00 2.5 24. 26 4.7 
OWED BE 2 Sisisiaccise tense e neice ates 594 41.00 4.4 21. 89 8.3 
Hay PAK ra ec x Hee eee eae ee ceesenoee : areas 24. 00 1.5 12. 83 2.8 
Hayitedder:= a2. -- 2s 34. 00 1.2 18. 31 22 
Bean harvester....-..----- 25. 00 4.0 13. 47 7.5 
Grain binder.......--..... E29. 3 125. 00 1.6 66. 56 3.1 
Cormbinder ete eee oe ns aeeneelene meereeee 125. 00 1.6 69. 54 2.9 


From Table XX it appears that the walking plow is the only im-_ 
plement that requires much over 5 per cent of its first cost to be ex- 
pended annually for repairs; corn planters are so little used here that 
the data for these implements, showing 5 per cent annually, may be 
only approximately correct. 

Tabulation of the repair expense according to the age of the im- 
plements showed no uniform increase in repair cost as the age in- 
creased, the repairs being low the first year or two and practically 
the same per year thereafter. 


SHELTER. 


Much has been written and said about the waste incurred by lack 
of housing for machinery on farms. Many large and successful 
farmers do not shelter their machinery at all. The principle which 
guides them is that if a machine not housed at all will wear out before 
it is injured by exposure there is no need to shelter it. The larger 
the amount of work that can be done with an implement annually, 
therefore, the less need there is to house it. The waste, by depre- 
ciation, of capital invested in farm machinery is caused. primarily 
by the inability of the smaller farms to wear out their implements 
with profitable use. An economic remedy is partial reorganization. 
of their business and cooperation with neighbors so that more work 
can be done annually with the machinery equipment. 

There are no data available on the relative life of machinery when 
housed and when not housed. Careful study of the cost of housing 
farm machinery in an area in eastern New York indicated that farm- 
ers do not invest in special machinery shelter to a greater extent 
than 20 per cent of the first cost of their implements. Similar data 
from eastern Nebraska gave a percentage of 10 or less, the relative 
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amount decreasing as the size of farm increased. The greater hu- 
midity in New York makes more urgent the shelter of implements 
while the larger areas farmed in Nebraska makes such shelter less 
economical. The more substantial methods of construction in 
New York also add to the greater relative cost. As previously noted, 
except during a period in summer when the general buildings are 
filled with crops, there is usually ample space available for housing 
most of the farm machinery on farms in western New York. It 
would seem that an investment in special implement sheds amount- 
ing to over 15 per cent of the total cost of farm machinery would 
indicate poor management in utilizing available space in the general 
farm buildings for the purpose of housing such machinery. 

The walking plow, disk harrow, land roller, 1-row cultivator, hay- 
rake, and hay tedder are among the more expensive implements to 
house in proportion to their cost. They constitute the group most 
frequently not housed. It happens that, beimg made of heavy 
wooden or metal parts with few moving elements, they are less in- 
jured by exposure than are some others. They can endure consid- 
erable exposure when barns are filled with crops, and are more eco- 
nomically stored at other times in general-purpose space. Machines 
such as binders, mowers, drills, planters, etc., having many moving 
parts, or many of light metal or wood, are seriously affected in oper- 
ation by rust and decay and are in greater need of protection from 
the weather, hence they are the first to be housed in this and other 
sections. Their form renders them economical to house from the 
standpoint of relative cost of machine and shelter. It is ordinarily 
profitable to provide special shelter for these machines. There is 
no-way, however, by which the small farmer can escape a greater 
shelter charge per acre than that enjoyed by the large farmer. 


RELATION OF MACHINERY COST TO COST OF FARM OPERATIONS. 


The most urgent reason for investment in machine sheds, farm 
repair shops, and repair tools is that machinery will then be more 
readily and certainly repaired and kept in running order, so that it 
will not fail during busy seasons and waste the more expensive time 
of men and horses. 

In Table XXI the relation of the cost of machinery to the total 
cost of the various farm operations with these implements has been 
computed and expressed in percentages. In arriving at these per- 
centages, the general averages were taken from Tables II to XIX, 
respectively, as being the average cost to the farmers in western New 
York. Man time was taken at $2 per day for wages and board, with 
all implements except those used in haying and in grain harvest; the 
wages for these being placed at $3.25 per day for wages and board. 
Horse time was entered at 75 cents per day per horse to cover feed, 
interest, depreciation, and mortality. 


q 
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TaBLE XXI.—Relation of machinery cost to the total cost of farm operations in western 
New York. 
Per cent | Per cent 
of cost : of cost 
F con- 5 con- 
Operation. Men. | Horses.} tributed Operation. Men. | Horses.| tributed 
by the by the 
imple- imple- 
ments. ments. 
Plowing (walking)......- 1 2 4.7 Cultivating sue seeeaae be 1 1 8.2 
Plowing (sulky)..-.------ 1 3 GOGH We Okepee eee eee 1 2 19.1 
Harrowing (spring tooth). 1 2 11.2 DaaeeRrae cabbage. - 3 2 19.4 
Harrowing (spike pi rage 1 2 11.7 || Mowing hay......---.-.. 1 2 28.7 
Harrowing (disk)... 1 2 19.2, || Raking hay........-....- 1 2 18.7 
ROMIN SE 2.552 cis Janne meee 1 2 14.0 || Tedding hay..........-.-. 1 2 35.6 
Drilling grain....--../... 1 2 32.8 || Harvesting beans. ..--... 1 2 32.3 
Planting corn....--..-.-- 1 1 48.0 || Harvesting grain (binder) 1 2 42.8 
ORs: TLRS ere 1 2 69.9 || Harvesting corn (binder) . 1 3 52.7 


With the exception of corn planters and corn binders, which are 
used only a day or two annually, the machinery cost of the various 


operations does not exceed 50 per cent of the whole, while for the 


standard farm operations the machinery cost ranges from 4.7 per 
cent for the walking plow to 42.8 per cent for the grain binder. These 
percentages represent the average of conditions in western New York. 
The larger farms enjoy a much lower percentage of machinery cost 
and those smaller than the average labor under much heavier charges. 
Where larger numbers of horses are used the machinery cost is, of 
course, relatively less. 

It appears to be more economical to keep the machinery. cost of farm 
operations down by management that will secure a maximum num- 
ber of days of profitable service from each implement annually than 
to spend money to shelter idle machinery. It is still more important 
to keep men and horses profitably engaged the maximum number 
of days in the year, since these are much more expensive than the 
machinery, both in daily cost while working and, in the case of 
horses, in depreciation, interest, and maintenance charges while not 
working. 

CONCLUSION. 

The averages of the foregoing tables represent the normal repair 
cost for the respective implements doing the annual amounts of work 
indicated. The data thus made available are of permanent utility in 
arriving at the cost of farm enterprises where these machines are used. 


The replacement and interest charges computed for the respective 


implements in this bulletin will serve as a basis for computing the 
proper overhead charges for machinery at other prices and interest 
rates and doing the same amount of annual work, by the simple 
operation of applying proportion to the averages given here. For 
the conditions in western New York the overhead charges as com- 
puted are basic in character, and will be of service_in determining 
the cost of work done or to be done on the farm, in deciding whether 
to buy or rent farm machinery, and in solving countless other prob- 
lems in farm management and organization. 
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INTRODUCTION. 


_ This bulletin contains the results of experiments made in coopera- 
tion with the State Land Board of Idaho to determine the quantities 
| of water needed to produce the ordinary farm crops on the types of 
soil common to that State. The experiments, in addition to investi- 
gations strictly bearmg on such irrigation requirements, included 
certain supplementary investigations. 

| The irrigation-requirement experiments extended from 1910 
through 1913 and consisted in applying different quantities of water 
to plots receiving similar treatment except for this factor. It is con- 
‘sidered that these experiments fix within reasonable limits the 
“amount of water which must be delivered to fields to produce profit- 
able crops under the conditions described.. The supplementary 
experiments were made for the purpose of determining how much 
additional water must be allotted to cover waste and losses between 
the point of diversion and the fields to be irrigated. 

The conclusions contain a discussion of the factors affecting irriga- 
‘tion requirements in actual practice. 


Note.—The work on which this bulletin is based was done under a cooperative agreement between the 
Office of Experiment Stations and the State Land Board of Idaho, several of the canal companies and the 
\railway companies operating in Idaho contributing to the expense of the work. The bulletin willbe of 
interest to officials administering the water supply of the Western States, to students of irrigation prac- 
tice, and to farmers. 
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PLAN OF INVESTIGATION. 


The investigation was planned to show the actual irrigation require- 
ments of the various soils and crops common to southern Idaho. 
The staple crops—alfalfa, clover, pasture, spring and winter grains, 
potatoes, and orchards—have all-been represented. The fields had 
a varying topography, with slopes ranging from 20 feet in 100 to 4 
feet per mile. 

In order to make the results practical and dependable and such 
as good farmers might obtain under average conditions it was 
decided: (1) That the investigation must be conducted in the main 
by men employed especially for the purpose and without outside 
interests; (2) that the areas experimented upon must be compara- 
tively large; (3) that the investigation must extend over several 
years, so as to eliminate or neutralize the individual characteristics of 
the different seasons; and (4) that the mere measurement of the 
water applied to single tracts would be insufficient, for this would 
not show the yield that might have been produced by a greater or 
lesser application of water. 


SCOPE OF INVESTIGATION. 


As mentioned above, the study extended through four seasons, 
during which time water was measured upon 529 individual tracts, 
having a total area of slightly over 3,600 acres. In order to determine 
the normal quantity used by the farmers when such use was unre- 
stricted and not influenced in any way by the proximity of experi- 
ments, the water applied by them to 28 other tracts, having a total 
area of 1,306.8 acres, was measured with automatic water registers. 

The water diverted and used by seven different canal systems in 
1911 and nine systems in 1912 was measured, and the areas irrigated 
under them were determined. 

In a comprehensive study of the transmission losses of canals the 
seepage losses in 118 sections of different canals with an aggregate 
length of 278.3 miles were determined. The canals measured varied 
in discharge from 0.07 to over 3,190 cubic feet per second, and in 
cross section from 0.117 to 984 square feet. 

The percentage of nonirrigated or waste land in a typical project 
was also determined, 16,067.8 acres located in two bodies being sur- 
veyed for the purpose. 3 

The territory covered extends from Rigby, with an altitude of 
4,950 feet, in the upper Snake River Valley, to Weiser, with an alti- 
tude of 2,114 feet, on the western boundary of Idaho, a distance of 
368 miles. 


my 
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SELECTION OF TRACTS. 


As it was imperative that the final results of the investigation 
should show a duty that could be secured by good average farmers 
without more expensive preparation than would be justified, only 


such tracts as were considered typical in regard to soil and practical 


in regard to preparation were included, and they were not especially 


prepared for the investigation in any way. 
DIVISION OF TRACTS AND VARIATION OF WATER. 


Each tract selected, wherever its topography and size. permitted, 
was divided into three approximately equal parts, care being taken 
to select only such tracts as had uniform soil conditions and previous 


preparation and cropping throughout, in order that the results from 


the different plots might be strictly comparable. In most cases the 


tracts consisted of about 15 acres, divided into three plots of about 


5 acres each, in the same crop on the same soil, with all conditions 
uniform, except that a different volume of water was applied to each 
plot. 

Weirs were installed in the ditches leading to and from each tract 
in order to measure the water applied and wasted. These tracts 
were selected from average irrigators’ farms in representative dis- 
tricts, and the owner of each was allowed to select one of the plots 


into which his tract had been divided and to irrigate and handle it 


during the season and apply the water at such times as had been his 
usual custom. The two remaining plots were irrigated by applying 
more water to one and less to the other than the owner applied to the 
plot he himself had selected. The yield produced usually indicated 
which plot had received the supply of water best suited to the soil 
and crop in question. Usually four or five experimental tracts were 


selected from as many farms in the same neighborhood, since one 


assistant could look after and irrigate that number of tracts pro- 
vided the same were located within a radius of 2 or 3 miles. The 
water wasted from each tract was measured, and all amounts tabu- 
lated in this report unless otherwise specified represent only the 
quantities retained upon the land. 


MEASUREMENT OF WATER. 


Cipolletti weirs were used in the measurements, the weir boxes 
usually being built of 1-inch lumber. The weir plates used were 
16-gage galvanized iron. The head on the weirs was measured each 


hour or oftener, as was required, with small steel rules graduated to 
0.01 foot. Measurements of the head were made from the tops of 


spikes driven vertically into substantial 2 by 4 or 4 by 4 stakes placed 


in the weir pools upstream from the weirs, at about twice their length. 
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The spikes in the tops of the stakes were leveled with the weir crests 
by means of long carpenter’s levels, great care beg exercised to 
keep them level at all times. It was found that excess velocity of 
approach, due to the fillmg up of the weir pools, was the most fre- 
quent source of error in weir measurements, and special care was 
taken throughout the entire investigation to maintain weir pools of 
sufficient size and depth to insure a slow velocity of approach. The 
formula used in computing the discharge over the weirs was Q=3.367 
L H?, where Q=discharge in cubic fen per second, L=length of crest 
in feet, and H=head or depth of water on the crest in feet. 

Demeds the head was measured every hour, but where the flow 
remained rather constant measurements sometimes were taken at 
two-hour intervals, and where much fluctuation occurred the head 
was measured oftener than every hour. Plate I, figures 1 and 2, 
should furnish a clear idea of the type of weirs used. The volume of 
water diverted by the large projects was determined Ly daily gage 
readings and current-meter determinations. 


DETERMINATION OF AREAS AND YIELDS. 


With the exception of the large projects, all areas included in this 
investigation have been determined by transit and chain surveys. 
The transit notes were plotted on a scale of 100 feet to the inch, and 
the acreage was determined from the map with a polar planimeter. 
It is believed that the areas of all of the tracts in this variation ex- 
periment have been determined within 0.01 acre. 

The crops from the three plots into which each tract has been di- 
vided have invariably been cut, stacked, and thrashed separately, 
and weighed wherever possible. In cases where grain or alfalfa fields 
were located at long distances from a set of wagon scales and weigh- 
ing has been impracticable, the yields from the different plots have 
been determined by the automatic weighers attached to the thrash- 
ing machines and by the measurement of the hay in the stack. 
While the determination of the yields by the latter method has not 
been absolutely accurate, the same method has been used with all 
plots into which a tract was divided, thus insuring comparable 


results. 
CLASSIFICATION OF SOIL. 


The soils on the different tracts have been classified with respect 
to their mechanical composition only, chemical analyses having been 
made in but few cases. Representative samples of the first, second, 
third, and fourth foot of soil from each tract experimented upon 
have been secured and prepared and are now filed away for further | 
reference. The soils varied from the finest of adobe clays to the | 
coarsest gravels. The extremes of soil which have been included | 

| 
: 
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Fic. 1.—UPSTREAM VIEW OF CIPOLLETT! WEIR USED IN THE IDAHO INVESTIGATION. 


Fia. 2.—DOWNSTREAM VIEW OF CIPOLLETTI WEIR USED IN IDAHO INVESTIGATION, 
SHOWING METHOD OF MEASURING. 


Bul. 339, U. S. Dept. of Agriculture. PLATE II. 


Fia. 1.—SAMPLES OF FIRST, SECOND, THIRD, AND FOURTH FOOT OF CLAY Loam Soi 
OF FINE UNIFORM TEXTURE. 


Fic. 2.—SAMPLES OF FIRST, SECOND, THIRD, AND FOURTH FOOT OF VERY GRAVELLY 
SOIL. 
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are well represented in Plate II, figures 1 and 2, which show the 
average soil of the first, second, third, and fourth foot of two of the 
experimental tracts. 


MOISTURE DETERMINATIONS. 


The primary object of this investigation having been to determine 
the quantity of irrigation water required by the soils and crops of 
a farm or project, it was not considered advisable or practical on 
account of the large territory involved to go to the expense of mak- 
ing exhaustive soil-moisture determinations on all tracts throughout 
the season. <A careful determination of the moisture in the first, 
second, third, and fourth foot of soil of each plot experimented upon 
was made, however, before the first irrigation and about the time 
plants started to grow m the spring. This was done by securing a 
large number of representative samples from each tract and drying 
them in an oven at a temperature of 108° C. While the available 
soil moisture’ has not been taken into consideration in averaging the 
quantities of water used and the yields obtained, these determina- 
tions have permitted of a careful comparison of the results secured 
from the different experiments. 


REIMBURSEMENT OF LOSSES. 


The owners of the various experimental tracts included in the 
investigation have been reimbursed for all crop losses that have 
been experienced because of variation of the water supply. The 


_ yield of the plot selected and handled by the owner himself was used 


in each case as a basis for determining the loss. Reimbursement 
was found necessary in connection with less than one-third of the 
tracts included in the investigation. 


METHOD OF INTERPRETING RESULTS. 


The correct and proper analysis of the results has been the most 
difficult part of the entire investigation. Even when the greatest 
care is used in agricultural experiments there are many factors 
other than those under observation which may influence the yields. 
Normally it has been assumed that the plot which produced the 
best yield in each experiment received the best application of water. 


In many cases, however, the largest yield has exceeded the yield 


of one of the other plots by not more than 2 to 5 per cent, when 
the quantity of water applied for the maximum yield exceeded that 
applied to the next largest yield by as much as 100 per cent. In 
such cases it is apparent that if economy of time and water is to 


be considered, it is better practice to apply the smaller quantity 
of water. The investigation as a whole has emphasized the fact 
_ that the results from single experiments can not be depended upon, 
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because there have sometimes been great variations in the yields 
produced by the same quantity of water on the same crop upon 
adjoining farms. These variations have made it very evident that 
dependable results can be secured from agricultural experiments 
only by basing conclusions upon the average of pelts from a large 
number of experiments. 


WEATHER CONDITIONS IN IDAHO DURING THE INVESTIGATION. 


It has not been considered practicable, although it would have 
been desirable, to install a rain gage in connection with each tract 
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Fic. 1.—Comparison of average annual precipitation with that occurring during the growing Season. 


experimented upon. The United States Weather Bureau has a 
large number of cooperative observers’ stations scattered quite 
- uniformly throughout the territory involved in the investigation, 
and the precipitation recorded at the station nearest each tract 
has been used. This may be slightly inaccurate, but the errors 
are compensating and small at the most. 

The normal annual precipitation in the districts of southern 
Idaho which have been -investigated ranges from slightly less than 
10 inches per annum at Oakley to 17.75 inches at Hailey. Hailey 
is situated at a comparatively high altitude, and the precipitation 
in this place is consequently above the average for irrigated southern 
Idaho. The average precipitation in the typical irrigated districts 


| 
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Fic. 2.—Range of temperature duriag the growing season for three representative districts. 
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ranges from about 10 to 14 inches per annum, of which from as 
low as 3 inches to as high as 6.7 inches, or about one-third, occur 
during the growing season from April to September, inclusive. 

The growing season of 1910 in Idaho was the driest on record. 
The precipitation during seven consecutive months, from March to 
September, inclusive, was below normal, but the temperature ranged 
above normal during the entire season. The seasons of 1911 and 
1912 averaged much cooler than that of 1910, but the precipitation 
during both of these years ranged above normal during the entire 
erowing season, as may be seen from the tables which follow. The 
season of 1913 was another with high precipitation, while the tem- 
perature was a fair average of the other three years, 1910 to 1912, 
inclusive. The following tables and charts have been compiled from 
the records of the United States Weather Bureau for the purpose 
of showing in condensed form the weather conditions that existed 
during the four years covered by the investigation. Figure 1 shows 
the precipitation for one town in each district and figure 2 the range 
of temperature during the growing season for three representative | 
districts, and it is believed that a careful study of these charts will 
furnish a correct idea of Idaho’s normal weather conditions and of 
the weather experienced during the four years’ investigations. 


TABLE I.—Precipitation, seasons of 1910, 1911, 1912, and 1913. 


SEASON OF 1910. 


Averag Cr 3 ne 
Length precipit naan Precipitation by months. Per 
of : Total cont 
Locality. . COO ee for 6 Ae cap 
a An- |Apr.to months.| “mal 
years. | nual. | Se pt. Apr. | May. | June. | July. | Aug. | Sept. : 
Inches .| Inches .| Inches .| Inches. |Inches .|Inches .|Inches .|Inches .| Inches 
Blackioots. assess se 14 | 10.46 | 4.84} 0.67] 0.78} 0.10] 0.21 T. 0.47 2.23 46 
OIS Gif AE Se 25 | 12.71 | 4.10] 1.10] 1.14 .30 Abe 0 50 3.04 74 
Buble eee 3 | 12.22 | 5.13 82 -00 25 28 COSI hae 28 A CE Pa ees 
Caldiwellie-2s2 5-256 5 | 10.54} 3.51 | 1.05 . 84 03 A 0 89 2.81 80 
Goodinga===ee eee 0 Fees etaeses bearer 77 ~32 08 24 0 44 85) oo: 25. 
Hatlleyee =o sceeccent 8 | 17.15 | 4.04 81 - 80 06 27 OF 133 3.27 81 
Idaho Falls.......-- 15 | 14.45 | 6.24 06 75 14 11 4b 1.30 2.36 38 
Shoshone. ....-.---- 3 | 15.06 | 2.91 .33 - 43 -O1 .18 0 .5 1.49 51 
Twin Falls.......-- 5 | 12.90 | 4.40 573 sae - 06 .12 Te -95 2.38 54 
SEASON OF 1911. 

BOISGs eee oseee 26 | 12.71] 4.10) 1.59} 2.57] 2.55] 0.05 Ne 0.04 6.80 166 
Buhle coseoeeus 4) 11.15) 5.17 .86 | 1.97] 2.34 -18 Al +1} 5.35 103 
Caldwells. .-2..--5- 6 | 10.31 | 3.59] 1.03 1.13 1.44 £23 AN 12 3.95 110 
Goodingse eee een- 2 | -9.40) 3.20)). 1.15 |. 12:77 |) 206 0 0 it 3.98 124 
Halley eee acese eae 9 | 16.27} 4.30] 1.67] 2.91] 1.53} 0.04 A ise 03 6.18 144 
Idaho Falls......-.. 16 | 14.00] 6.00 -95 | 2.29] 2.67 30} 0.07 67 6.95 116 
Oakleyous ites sese 18 | 9.58] 4.61 pale | keno |e 84 0 30 5.80 126 
ALSya aS eye ee ae 6 | 12.10} 4.19 -43 | 1.74 . 83 05 | 0.04 10 3.19 76 
Wendell ss. 22s. 3 | 13.86 | 3.96 | 1.35] 2.00] 1.95 oe 0 Ab 5.30 134 


eee 
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TaBLeE I.—Precipitation, seasons of 1910, 1911, 1912, and 1913—Continued. 


SEASON OF 1912. 


Length Be alte rhar Precipitation by months. ae 
of “| Total te 

Locality. record |———— |- ——+—| for 6 ey 

in RenArinatal months.) ia] 

years. | nual ‘Sept | Apr. | May. | June. | July. | Aug. | Sept. ; 

Inches .| Inches . Inches .| Inches .| Inches .| Inches .| Inches .| Inches .| Inches. 
oh Piieten tls | aeLO cot |) LOA ORRON U2 7 O07 |e 0:77 8.25 201 
Pate 2s vaya aie 5 5 | 10.90 4.99 1.92 43 .90 .18 08 .30 3.81 76 
malawell........-... 7 | 10.05 4.13 1.96 2.05 UeyL/ 1.22 2 . 00 Wet 187 
mrehin eg 2. 6.52)... 3] 10.82] 3.24 .96 |] 1.33 .67 .33 “he FL S 3.47 107 
Idaho Falls......... 17 |} 14.23 6.19 1.94 1.36 .89 1.60 2.28 .44 8.51 137 
Mwin Falls......-.. 7 | 11.98} 4.13 1.68 . 63 .46 48 LG .30 3.71 90 
Wendell............ AN ISeOn porsech: Lids BY! 86 1042 | TE: 3 3.16 83 
SEASON OF 1913. 

RGSS ee 72. ee O-Aard 4.10 0.95 0.58 1.64 2.01 0.03 0.65 5. 86 143 
Meri eo Sete 6a £025 5525 . 62 1.58 2.49 2.29 13 05 7.16 136 
Mooding..........-. 4] 11.14 3.04 47 oho 91 713 . 08 -05 2.39 79 
POMIStOr..... -. 2s. 2} 12:97 6.74 .89 1.79 2.40 1.65 aif} 49 (oA) 109 
Idaho Falls......... 18 | 14.35 6.19 .35 2.39 2.99 1.86 -08 88 8.55 138 
Rakley. 2. ..2.5-..-. 19 | 9.99} 4.89 15 1.36 3.01 1.85 . 84 65 7.86 156 
SeEPORSOLeeteen pe oe oe al a2 rs od | Poieictaisifte i Se D265 n= Ao on hele 2Os Pte (sears ee Se alee 
win Falls......... 8 | 11.78 | 4.54 .53 169 || PASE Ea) Sil 1) P20) 7.58 167 


RESULTS OBTAINED DURING 1910, 1911, 1912, AND 1913. 


Tables IL to VIII show in condensed form the principal results 
secured from the most of the experiments. It was evident that soils 
and crops differed so widely in their irrigation requirements that 
comparisons could be made only by grouping the data according to 
soils and crops. The crops are therefore segregated in two groups 
in the tables, according to their water requirements: (1) Spring and 
winter grains, potatoes, and orchard; (2) alfalfa, clover, and pasture. 
For convenience, the results from the three or more plots on each 
farm are grouped together so that the experiments on the different 
farms are separated slightly in the tables. The total depth applied 
includes only the irrigation water that was retamed upon the tract in 
question, the rainfall during the growing season being given in 
another column. 
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TaBLE II.—H fects of different volumes of water on grains and potatoes in Idaho during 
the season of 1910. 


| No. of plot. 


© 00 SI Doe wne 


10 


Kind of 
crop. 


Oatseree 


Peed Osea 
Bae oeas 


Oats.... 


Eee Omere 
RAO Mee 


Wheat... 


ssa0lOssé6 
ee dolees 


Oats. ... 


Se Ose 
EaEGOe aes 


Wheat... 
doesn 


Dedaann 


Oats.... 


SacGlOnshc 
S20 0% 28 


Wheat. . 
Gone 


Bardoees ; 


Oats. ... 


SSECORSAe 
eee Ones 


Altitude. 


Soe 


MEMS BTR 
Sirs 
S&S 


SPP PEE RRR 
6S 
I 


_ 
RS) 
a 


Class of soil. 


Gravelly clays eee epee ee 
Sone Os Seies ecco eee 


Impervious clay loam....-. 
Seas Opcesce see ee eae 


Wenyssan diya ease tee meee 
ape Oe urease ote eee 
ooots Wes copetcopsecsosesase 
sane On = 22-2 res este ene 
Smead GORE Aas oe ee eee 


Uniform clay loam.......-- 
Bane CO ait eee eee 


ae GOs son cece eon emacs 


tyes j | ots 
me 8 SAG -h ee 
an us) 3 v= || os 
Se SS on) eles 
=o z=] Bee | BO eet 
Es 2 He et Sh) el 
es| 2 |sa|5] 35 
g4 a # 5 Ss 
BE] s |@ || Ss 
ce! 3 | |8\s 
[Bie2) fay | 4|a 
In. Days. Feet 
1.49 | May 31 63 | 3 | 2.12 
1.49 |...do..... 75 | 4 | 2.20 
1/49 |...do....| 87] 5) 3.31 
Eee JEM a | ees | pele ime 7 
abana May 26| 27| 2| 1.44 
erate May 24 28 | 3] 2:20 
2.36 | June 9 77 | 4] 2.40 
2.36) |p=-dossa- 78 | 4 | 2.26 
2.36 | June 10 77 | 4) 2.26 
2.36 | June 3 54] 4] 3.26 
2.36 | June 5 54] 3 | 3.70 
P89) oo sCOcaac 54] 4] 4.738 
2.36 | June 4 53} 5 | 7.08 
2.36 | June 10 31} 3 | 2.64 
PA\0) b= 0.0555 50 | 4] 3.10 
2.36 | June 9 50 | 5 | 3.96 
2.36 | June 3 71 | 41] 4.48 
2.36 | June 4 62] 4] 4.14 
2.36 | June 2 79} 6 | 5.68 
2.36 | June 23 51] 3] .99 
2.36 | June 24 52] 3 | 1.22 
2.36 | June 22 Gy ies} eliAl 
25238\ Fulyje eo aleeeeee S73) 
2.23 | Jume 25 |--.--- 1 | 1.05 
2.23 | June 9 15] 2 | 2.93 
2.81 | May 24| 13] 3 | 1.02 
2.81 | May 23] 14] 3] 1.22 
2.81 | May 26 13 | 3] 1.45 
2.90| May 27| 26] 2] .72 
2.90 | May 23| 30] 2| .84 
2.90 | May 27| 30] 2| 1.13 
3.04 | May 21] 47] 3] 1.00 
3.04| May 20| 56| 5| 1.36 
3.04| May 19} 61] 5] 2.31 
1.85 | May 26 35 | 2) .55 
Ibe [es-ClOsssc) sb 2) ake 
1585 |22.dO0esec|2 «oa|ee2ulie. 95: 
2.81 | June 15 41|.4| .65 
2.81 | June 14 59 | 5 | 1.03 
2.81 | June 18 57 | 6 | 1.22 
1.285) SaeeeeeS leet 0; .00 
1.85| May 20] 25] 2] .533 
1.85 .do.. 43) 3] .713 
185 4|poed Omeee 43 | 4] .842 
1.85 |...do....] 54] 5] 1.210 
185) |feeGOenae 61 | 6 | 1.485 
1.85 | May 21] ~66]| 9 | 2.486 
1785 Ve ceeieeee emer 0 | .000 
1.85] May 20| 25] 2| .352 
85) feed Orees 43) | 3 | . 583 
185) eeed ose 43 | 4] .945 
158595. 200eeee 54] 5 | 1.100 
1.85 |...do....| 61] 6 | 1.601 
1.85! May 21 66} 9 | 2.355 


Yield per acre. 
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TaBLE I].—Effects of different volumes of water on grains and potatoes in Idaho during 
the season of 1910—Continued. 


| No. of plot. 


o 
on 


56 |..-d 
S800 See 
ee OO/s's.c/= 


Wheat. . 
Once. 


BO} <<. 


Pedo.... 
BOO s/s ° 


Barley. . 
CORR SE 
dQ. 


Oats. ... 
aa( (ae 
eeGO'. ace 


Wheat... 


Eee OO. cia 
soeis fo aes 


Wheat... 


BAGO ss ss 


=e bs aaa 


Potatoes 


Peed Oc 
HesedOn. <,. 


Oats. 25. 


Pee dOcis = 
aed Ole se 


Los - q “a =| 
<a A pe mb Ug 
(3) B Eo. | .w BA 5 
aq ord cet I =| : z a 
Class of soil. Ar «42/2/48 3 
c rere ° $ ° us ay 
© £2 PI a oo ) 
is] ae 7 q By Ssh reY 
& a |-ss 2 bw |'g | Se is| 
= 2g 2 & 3S 8 3/6 e 
<4 < Ayn A 4 Z4|)a val 
Feet Acres. | In. Days. Fect. | Pounds 
3,572 | Medium clay loam......... OU | Stet) | cosmsracelinceren 0 | 0.000 522.7 
GI lalla Gace Seta nee eee .088 | 1.85 | May 20] 25] 2] .434] 1,297.3 
ay adil Peete GOmmseaceaetecle cece -089 |°1.85 |..-do.... 43} 3 594 | 1,359.7 
Sybase GO see eaten cisisiamcies siajcicie -091 | 1.85 |..-do...-| 43] 4 907 | 1,824.2 
ORL) losses OMe docqadconsrbusesosce -088 | 1.85 |..-do....] 54) 5/|1.091 | 2,102.3 
gender | eietotale Oe cenboesedocooeeeeoe .093 | 1.85 | May 21 60-| 7 | 1.786 | 2,258.0 
SAG 74 arene Glo -cmoancneesdodscsgor ROMAN le Gon seed Osi |n On|) Onto OLON|ie2 630. 1 
3,572 | Medium clay loam......... .962 | 1.85 | May 17 32 | 3] 1.032] 1,509.4 
paves | eee OncgdebanoodcanseDacoe otilest |) Usted) ec sOWOn nan 8) 4] 1.312) 1,797.5 
3,572 |..-.-. GO eskonaceaer aaneere .968 | 1.85 | May 18 68 | 5 | 1.879 | 2,026.9 
3,572 | Medium clay loam......... .959 | 1.85 | May 24 23 | 2 560 | 1,444.2 
OLA erase WabnendanatencHaoDenoc .957 | 1.85 | May 25 41} 31.097 | 1,849.5 
3,002 |-.-26 Obstet lateaiae cicivtersieizis siec< .962 | 1.85 | May 23 51 | 4] 1.450} 2,047.8 
. 563°) 1.85 | May 26 22)) 2 780 | 1,179.4 
DOL le Sole Oe (0 40) eda La 2O9m ilo ons 
. 769 | 1.85 |...do... 60 | 4 | 1.841} 1,581.3 
.959 | 1.85 | May 9] 23] 2] .808]| 1,379.4 
- 964 | 1.85 |...do..-.| 42) 3) 2.101 | 1,211.6 
oles | ees ESAs sa) eel Zula Raye ala7e ber 
.641 | 1.85 | May 13] 63] 3] .876| 6,302.6 
-652 | 1.85 |...do..--| 88] 5 | 1.496 | 11, 9382.5 
. 636 | 1.85 |}...do....| 97] 6 | 2.046 | 12,932.3 
Bushels. 
3,572 | Medium clay loam........- 5.70 | 1.85 | May 12 64 | 3 | 1.401 43.3 
BNOML |ctsle/= = Mencoceboconsdasoatoos 4.48 | 1.85 | May 17 60 | 4 | 1.766 54.6 
SRE laeeee Gleeercobecoanccececnne 1.98 | 1.85} May 19 59 | 4 | 2.486 Tow 


TABLE Ill.—Lffects of different volumes of water on 


No. of plot. 


Kind of 
crop. 


Alfalfa. . 
Alfalfa. . 


done 3% 


the season of 1910. 


alfalfa, clover, and pasture during 


as| ¢@ |g [ala 
an 3 ee | es 
si Bye Reo 2 |) eS 
(S) ss] =I a0 fy crt . 
a8 a2 Ag |e | Aa g 
Class of soil. ell ees wo |o| 3s 3 
is =a) os ) Oye Ae 
oO g2 P| ale} oo ® 
GS) “a f5 = Sy (Sales A 
= cae twee lbs ae | 2 
is So eeile ss Mi Serb akies Ee 
< <4 Ay 2 A 4 4\ a Pal 
Feet Acres. | In. Days. Feet. | Tons. 
3,572 | Medium clay loam......... 0.983 | 1.85 | May 8 88 | 6 | 4.49 8.7 
3,572 | Medium clay loam......... 5.75 | 1.85 | May 7 43 | 2 | 1-306 3.30 
38572) |neaes CCE ES aera, 3.72 |1.85| May 9]. 79} 3 | 1.872 3.56 
Op D2) |oeecc GO seek seeeeciece ales 3.56 | 1.85 | May 10 8] 3 | 2.104 4.74 
4,949 | Very gravelly.............- 10.65 | 2.36 | May 27 88} 9 {11.20 4.2 
4,949 | Very gravelly..............- 3.31 | 2.36 | May 6] 113) 7} 6.92 3.78 
4,949 |..... COMA acu 4.32 | 2.36] May 7] 117] 9] 8.40 4.85 
4,949 |..... GOES eek sapecakewe os 3.98 | 2.36] May 4] 114] 10 /12.98 4.60 
4,949 Nery, gravelly Baie Soemee ses 2.33 | 2.36 | May 3] 101} 4 | 6.352 3.78 
AN O49) eee OO ctaac Swiguasonesecsees 6.77 | 2.36 |-May 2] 105) 6 | 6.925 3.65 
4,949 |..... ae Cnboade Dobe acOOSSoSe 2.51 | 2.36 | Apr. 27| 110] 7 4}.9.401 5.20 
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TaBLe III.—E fects of different volumes of water on alfalfa, clover, and pasture during 
the season of 1910—Continued. 


ales i ql ln 
Fa 8 Ko hai ier= 
orn 3S 5 FS) 3 io 
“2/ 8 |2 |3| 88 
ali ney Hole| aa | ¢ 
=o 4 4 = = 4 
as Hand of Class of soil. 8 = a) wala | ae S 
S TOp. F SO n os ro) = i 
= >) Ss. Re a | we BB 8 
a ie} a=) SI oe ro) oR a, 
= |/ 3 ist) ° = Q Ss 
© = a- |S 2 Bo gq | ae s 
E = oie ee o pleselcs & 
a < < Aim a 4 G | & val 
Feet. Acres. | In. Days. Feet. Tons. 
12 | Alfalfa..| 4,742 | Uniform clay loam-..-..---- 3.20 |'2.36] May 6] 104) 4 | 1.409 5. 04 
1S ee dons a Ae ieeese Os Seen Se eee 3.16 7]2536)-22doL 2.2) 102 161. 1.1953 3.41 
148 ee edOse.-|| 45742) |seeee Os oce sceedszcosgactsse- S23%, | 2280) Send Of sale Ose mmole ae) 5.72 
15 | Alfalfa..| 4,497 | Very sandy...............- 3.38 | 2.23 | May 27| 36] 3] 1.609 4.44 
AGH ESE Of sl pro ree = GO. ee a see rae: Ce a). |) 2h By Ale Se 50 | 5 | 2.649 4.28 
Ta (522 OP sp 4919 7a eee GOes Ae tA ee ene 4.29 | 2.23 |..-d0- - -2 59 7 | 4.825 4.57 
18 | Alfalfa..| 2,367 | Impervious clay loam ..--..- 2.81 | 2.81 | Mar. 29] 144] 8 | 1.895 4.06 
ID) eeeOlOu es cal 2eateyh las so Ghee cacat SEE Renee 3.69 2.81 | Mar. 27 | 143] -8 | 2.848 - 3.66 
740). as X00) eal: Ae laa aoe (GRO aaa A ee nae 2.84 | 2.81 | Mar. 28} 144] 9 | 3.457 4.37 
21 | Alfalfa..| 2,482 | Impervious clay loam...-.. 6.32 | 3.00 | May 7] 115] 7 | 1.434 2.85 
PPI as rselh PEI ee Coen airs eee ee ss 6.23 | 3.00 | May 5 120°) 7 | 2.112 4.93 
7S |e esisall 25rd |eccd GOR AES See bee 6.21 | 3.00 |..-do- - - 99 | 7 | 2.251 4.35 
! f s 
24 | Alfalfa..} 2,607 | Uniform clay loam.......--. 5.08 | 2.80 | Apr. 28 | 109] 6 | 2.821 5.15 
25 | Alfalfa..| 5,820 | Very gravelly........-.-.-- 158. 4 Oa alee sser 120 |...-| 21.13 | 3t03.5 
26 | Alfalfa..| 5,330 | Very gravelly......-...-=- 15.2 Bh2T as oebeeee e 120 |..--|16.00 | 3ta4 
27 | Alfalfa.:) 3,572 | Clay loam_.....2....2.2_.:- 51.0 VES) Sodogossss 140 |.-..' 4.80 4 
28 | Alfalfa. .| 3,572 | Uniform clay loam ...-..-. 31.8 ligthy Rao sopcoe. 140 |....| 4.06 4 
29 | Alfal-| 3,572 | Uniform clay loam......... 69.6 185 i cemeemsce 140 |...-|.4.00 4 
fa and 
wheat. 
30 | Alfalfa. .) 3,800 | Medium clay loam......... 2.92 | 3.04] May 4] 105] 4 | 2.34 6.86 
31 End On ses |e on O00n | eaaee dO. eae se eee 2.89 | 3.04] May 5} 107] 4 | 4.05 7.04 
BY} eco sal) chet) lea oo2 GO22 32052 52 e oe eee 3.38 | 3.04 | May 7] 109] 4 | 4.72 7.96 


TaBLE IV.—E£ fects of different volumes of water on grains, orchards, and potatoes in 
Idaho during the season of 1911. 


| | Leste : qd * qd 
ae 8 S ile s : 
an 3 3 og} | Sis 
ae ® | |s| &S 
18 | See een | 3 
| eetndiol Class of soil. bea ane dt) PIS ak ele (a 
iS iO De ie gq os|s Bin i 
a E g2| 4 Sle| Se] 8 
= 3 : ors) aS) se 2 ol 2 ie 
° SB a a= o oD S| 35 us} 
S 2 Been aes Sul eles 2 
Z = <a | am Qa Se eae > 
Feet. Acres. | In. Days. Feet. | Bushels. 
1} Oats....| 3,968 | Uniform sandy loam.....-- 3656) 16518) ily 12) | Paeee 1 | 0. 453 29.5 
74 \eaO\}e 3,968)... .2 On a ees e see 3.66 | 6.18 | June 21 26 | 2] 1.144 45.9 
Salaecdore Aes) |lbesoe Oo). 2 sak eee csee eee 4.15 | 6.18 | June 17 42] 3 | 1.889 50.8 
4 | Wheat 3,800 | Shallow clay loam.......--- 4.24 | 5.35 | June 11 15] 2) .864 30.6 
(5) ae aoKe) 37 O00) Ean = GOs Steet Sees 4.73 | 5.35 | June- 7 43 | 3} 1.623 33.8 
6 |.--do. 358005 | soa Ok yp ees ee ee Byes | Gyets || arom 3) || Git || 4 |) @, ie) 38.0 
7 | Wheat 3,750 | Medium clay loam.-....--. 3.59 | 5.50 | June 24] 19] 2) .685 63. 2 
8 |..-do- SLOON| aaa GO: ee eee 7.49 | 5.50 | June 17 32) |) 2 P23 53.4 
9)) > 2d0s- 3,750 |.---- GOs hae eee sess ceee 5.42 | 5.50 | June 14 27 | 2 | 1.808 - 64.0 
10 | Oats 3,750 | Medium clay loam...-.-...- 5.80 | 5.50 | June 2 Be) | 8) {lake ikasl 64.3 
1l do 3,100 )|25e58 GOe a aes eee 4.82 | 5.50 | June 1 47 | 3] 1.414 51.9 
12 (a I Bal) | eee dont 2Ate a). Pons Sse 7.02 | 5.50 | May 29 64 | 4 | 1.442 65.3 
13 | Oats.-..] 3,825 | Medium clay loam.....-...- 4.01 | 3.19 | June 28 |--..--- 1} .302 56.6 — 
14 |...do....| 3,825 |..... C0 Cope i ee One 6.10 | 3.19 | June 20 35 | 2 | 1.167 63.2 — 
15 do. 3, 825 |..--- dO sei. 53 ee eee 4.03 | 3.19 | June 8 53 | 3 | 2.266 68.9 


4 
TABLE 
: 
_ | Kind of 
- > crop 
eB 
a) 
° 
vA 
16 | Orchard. 
17 | Fallrye 
18 | Oats. 
19 |...do. 
O-- do. .- 
21 | Potatoes 
2.2. Re (0 eae 
Baie = dO. os. 
$4 | Oats.... 
won. --d0.-.. 
Boni..-d0-.-< 
“ 27 | Wheat.. 
 28| Wheat.. 
29 | Potatoes 
30 Wheat. - 
BH 
32 
33 
34 
35 
36 
37 
«638 
5 39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
ij 50 
eeol 


IRRIGATION EXPERIMENTS IN IDAHO. 


Idaho during the season of 1911—Continued. 


ao 

aa 

“3 

oO 

Le 

Class of soil. pet Ba 

o 82 
E . | Be 
= Sa es 
a 4 | aa 
Feet. Acres. | In. 
3,825 | Medium clay loam..-......- 4.58 | 3.19 
3,700 | Very sandy loam.......-... 6.89 | 5.30 
3,700 | Very sandy loam........-.. 4,29 | 5.30 
SehU ON errec GOSS neenoace ceeeeae 4.01 | 5.30 
Bs(A00) lente 2 COs se pasacttonee seas 4.17 | 5.30 
3,700 | Extremely sandy...-.....-- 2.89 | 5.30 
COO | Ree GO srie Maree Neate nce 2.96 | 5.30 
Se7N0u lee ae Oe eer ee 2 3.27 | 5.30 
4,100 | Deep clay loam....-.....--- 4.98 | 5.80 
AOON Pees LO Se ees Soe edi 5.11 | 5.80 
45100) ).-- =< Gl) Basa caer ose near cere 4,42 | 5.80 
4,949 | Very gravelly.....-.......- 15.51 | 6.95 
4,949 | Shallow sandy loam......-- 14.91 | 6.95 
4,949 | Sandy loam...............-. 7.11 | 6.95 
4,949 | Shallow sandy loam...-..... 9.83 | 6.95 
6.95 

6.95 

6.95 

4.09 

4.09 

4.09 

4.09 

4.09 

4.09 

4.09 

4.09 

4.09 

4.09 

4.09 

4.09 

6. 80 

6. 80 

6. 80 

6. 80 

6. 80 

6. 80 

J 6. 80 

DROW ||asse Ones tenuate eB. 6.17 | 6.80 
25607 te =. 2 dome sstats Sotiris So2se.5 5.79 | 6.80 
2,460 Sandy, loam mixedwith clay 4.40 | 6.80 
2A O0bl bes a COn creel aaah oels 52 5.55 | 6.80 
2, 547 Bandy OBIS eset Re std cep 6.72 | 6.80 
Desde eed OMe nee ey ed o0 a 4.16 | 6.80 
Ss Ay (eae ae Spee ne cie Sean ees © 5. 67 | 6.80 
2,400 | Coarse sandy loam.....-...- 3.74 | 6.80 
GAOT) |e ae OMA CE Nae Ne ree 1 6.21 | 6.80 
seas Ouse eae hs Salsas & 4.14 | 6.80 


1 Four years old, no crop. 


Date of first irrigation. 


Length of irrigation 
season 


| Number of irrigations. 


eee wWwh wnrw Wr bo Oe co w Co oo i) 


Total depth irrigation | 
water applied. 


Feet. 
. 268 


729 


- 656 
. 888 
1. 047 


. 613 
- 955 
1.062 


- 641 
1.316 
1. 654 


1.377 
5. 342 
2. 828 
3. 466 


4,511 
5. 943 
10. 366 


- 307 
-315 
- 089 


. 263 
-271 
497 


- 294 
-372 
-417 


- 185 
. 199 
- 248 


- 557 
-618 
- 769 


461 
- 698 
- 076 
- 193 


371 
428 


Ee oe 


ee 


>, 


Hlth 
. 367 


258 
-315 
- 095 


. 866 
- 186 
253 


Cee is 


13 


IV.—Lffects of different volumes of water on grains, orchards, and potatoes in 


Yield per acre. 


Bushels. 
() 
11.6 
23.3 
26.0 
35.0 
Medios 
108. 1 
128.1 
76.5 
(Boe 
72.4 
20.9 
30.0 
211.8 


31.6 


rae 
Oo FPwWwW OF OM CGD COO FAO NANGDO COO coo CON NHC 
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BULLETIN 339, U. S. DEPARTMENT OF AGRICULTURE. 


TaBLe 1V.—E fects of different volumes of water on grains, orchards, and potatoes in 
Idaho during the season of 1911—Continued. 


Kind of x F 
2 crop. . Class of soil. 
B g 
6 i 2 s 
é = 2 
A < <q 
Feet Acres. 
63 | Oats... 5, 380°] Very gravelly..........-.-- 4.03 
G45 |-ezdora se Ba) Ne sooe (Chee O Gee SS ae 8.63 
653 22d o=aeee oye30) bene GOES Ss ee ee ae aa 5.55 
66 | Orchard | 2,460 | Clay loam......-......-...- 35.00 
67 | Orchard | 2,547 | Coarse sandy loam......-.-- 13.15 
68 | Orchard | 2,641 | Clay loam......-........:.- 31.85 
69) || ‘Orchard |/12),641. || Clay loam'=-= 22:4 (22 a2 eee 39.72 
Grain 
70 and al-|+ 5,330 | Very gravelly.............- 35. 59 
falfa. : 
“aleOatsee 2,600 | Impervious clay loam...-... 2.02 
PED ses D0) ||,2n dos f-ths 3 = aaa eee 2.03 
7B Noor OS5—55 2,600 \2= 25: Gos ceed: 3k eee 2.03 
74 | Corn 3,700 | Extremely sandy.........-.| 3.91 
5. | edo 35700) |Heeee Gosia: Si sae ee 4,34 
7B | ba O@sasxc S700) |sonae OE trys See 4.66 
77 | Wheat 3,572 | Medium clay loam - 189 
Uf Nes Solo). tee BG sesoe do - 092 
Th) |e tls hemos do - 096 
SON eed oseeee BOM lees do - 097 
Sly Eee dossaee SO | oon do. - 092 
82) ied owes Bb GYD \pouoe do -091 
83) Sedaeeee BRGY) |lsunne do . 092 
84 | Wheat 3,572 | Medium clay loam._....-.- - 189 
Solan omens Bes Wane ola eeeeee SareR Tec aae: .094 
S65 e-dOsseee 3, 572 |----- C0 Ro Speers ey ene ee te 093 
Sia| seed one 30572) eae GOs cenit. Ma ise, ape .095 
es) eae) s555- Sy BW4 Nlaso56 OE 2p ceases ea - 092 
SO) een omen 30572 ones GLC nee res De BY oo She 094 
SON edoteene B,Of2ilee sce dOos.284- Eee eee ee -094 
91 | Wheat. 3,572 | Medium clay loam......... . 189 
D2] eee. Oseeee SEVP) |soaan dosz kee) ae eae -091 
Bh 5 Ol) se 3 BBV |laasoc COS. Sas. Ses Tee . 093 
On) td. Ace 30572) |e ECS 5 ee . 090 
Soleo doreeae 3h Asse GOS = Seteer ape ee eee 094 
963/=e-domnas BPP asses Gone iS a See 093 
O7G sae doreee Sob (25 pease Ouse Eee - 096 
98 | Oats....| 3,572 } Medium clay loam......_.. 63 
OOn Paadoseees 3 15) ecae (0 Lape ie RRR 63 
100)|22-do:= B76 |lecoae Go's 252e SAG ee -61 
101 | Wheat. 3,572 | Medium clay loam___.....- - 990 
A022 Psd on ene SEED |e one = GO: i SS Re ane aes - 982 
103 }5 douse: By pe ea. AO eo dae, ae . 982 
104 | Barley 3,572 | Medium clay loam......... 985 
Gee stoke eee 35012) |e == = 0 SEAR Er Es San sete . 965 
1063) 2--dor-5-2 D012) | eeee REO. ass. eon ae eee 951 
107 | Wheat 3,572 | Medium clay loam........- . 610 
A0Si\Peedors- oe Bebi2)|seabe (6 (ae a i eee . 622 
109 |...do.--.2 S72) acne (o Ko ae een eer BP Sa a 641 
110 | Potatoes] 3,572 | Medium clay loam........- . 630 
ital eee dost! 305721 LOR Se ae tate a CO . 630 
eee Onsen ByayPs |b hse COE aa eee eee - 610 


Precipitation Avpril- 
September, inclusive. 


ee 


GOVE 


gog90 g90909 goEDE9 BEDE ODED YoDIEIEoDIEDDED gDEDEOEIEIEIEI G9. 099999 4 G0 oo 


Date of first irrigation. 


Length of irrigation 
season. 


Number of irrigations. 


wh bh 


Orr 


www Ww 


Total depth irrigation 
water applied. 


CODE NNER 
ea) “I 
a ot) 
mB I 


Wakes 
(9.2) 
rss 
bo 


Nee 
Ss 
Re) 


Yield per acre. 


1,063. 49 
1,285. 71 
1, 709. 67 
1, 833. 33 
1,563.83 
1, 139.78 

968. 75 


1, 333. 38 
1,501. 58 
1,670.49 


1,719.19 
1, 450. 10 
1, 446.02 


1,470.05 
1, 842. 48 
1,590.95 


1, 754.09 
1, 860.12 
1) 893. 91 


7,349.2 
16, 738.0 
16, 754.0 


1 Yield not measured. 


2 Tons alfalia. 


3 Bushels oats. 


IRRIGATION EXPERIMENTS IN 


IDAHO, 
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TaBLE V.—LE fects of different volumes of water on alfalfa, clover, and pasture during the 


season of 1911. 


Ad d =| wn q 
ran: iS 1 A} 
aa fe $ ot Fie 
i 5 s a fs oh 
of ae E Ae |e | Ae g 
A Kind of Class of soil. Se “rr fg le St 8 
3 crop: ea EI CoS nous by 
= a =) 77) hy oo ) 
jon o b= q tat ral oO se a 
C= Qo (2) a Q os 
° Bs a D5, © 5) g| ae uc) 
3 P=] 2 | 36 3 Bis is cS 
2, < 4 (sue? A 4 4 |e H 
Feet. Acres. | In Days. Fect. | Pounds. 
1 | Alfalfa 3,572 | Mediumclay loam........- 0.943 | 3.98 | May 10} 105] 3 | 1.775 | 7,534.0 
Darden: se elea (oleate ace ee i le Aa 930 | 3.98 }...do..... 128 | 6 | 3.329 |10, 608.0 
ol aes Koya SO?) [eeeed CO eee eco alsemece een 965 | 3.98 | May 11] 128] 8 | 4.000 |13, 233.0 
Tons. 
4 | Alfalfa..| 3,800} Shallow clayloam......-.. 4.69 | 5.35 | May 9] 109| 4 | 1.962 5. 83 
[| ERs Layee SE IM00) ee eod Coser ace ccie chs nae 5.38 | 5.35 | May 12) 116]/ 6 | 2.327 5.57 
(i RECO Bees Bi SOO! Meares Cole Mee i ara ears 3.85 | 5.385 | May 81] 108] 5 | 2.549 5.25 
7 | Alfalfa.-| 3,750 | Mediumclayloam......... 3.72 | 5.35 | May 31 86 | 4 | 2.677 4.56 
(2\| HCG ko ae By 0) | ere (Glo) Bist ENS a ea ren 2.67 | 5.35 | May 21 hy |) Gy ee e4eB} 6. 00 
ae. C.Os ce. B45 70510) (eee GO Tee ee oe ee need 3.76 | 5.35 | May 19 |. 119 | 6 | 3.786 6.00 
10 | Alfalfa 3,800 | Medium clay loam..-.-....-- 4.17 | 3.19 | May 4 80 | 2 | 1.286 6.1 
Mie ee dolcre: Se SOOnleeoee Otc inee iatctess ane See 4.22 | 3.19 | May 6] 135) 4 | 3.194 6.4 
m2, BOO sea 3,800 |....- Choose) San aan e cae Neem 4.96 | 3.19 | May 8 13%) |) &) |) Bh, Ofsil 5. 76 
13 } Alfalfa..| 3,825 | Mediumclayloam......--- (rad | 8.19) May 17 | 105 || 3 | 17309 4.73 
HAT) | 5c Owns. s Sy Ne wees On See Sesstanoee Sess 4°19 |/3. 19) || May 13) 112) 4) on 767 5.44 
fy cdOes oct Suen iiaee COE ee ate ese Ge semen 478 3.19") May 14) 106) 5 | 3:21 4.97 
16 | Alfalfa.-| 3,700 | Very sandy loam........... 2.65 | 5.30 | May 10] 119] 6 | 1.894 1.50 
ae aCLOoe- By TOO) ee ere COKE Ne Ca iti Se Bae ae 1.80 | 5.30} May 4] 125] 6 | 2.611 2.74 
18 | Alfalfa..) 4,100 | Deep clayloam........-..- 9.98 | 5.80 | May 20 |...... 1 993 3.1 
19 | Alfalfa..| 4,949 | Very gravelly......-.- raeyaeh 10.65 | 6.95 | May 19} 108] 8 11.532 4.54 
20 | Alfalfa..| 4,949 | Very gravelly......-.--..-. 5.45 | 6.95 | May 22 77 | 4 | 5.402 1.99 
Joel d 5.28 |6.95 | May 23] 94] 7 | 6.400 3.42 
5.73 | 6.95 | May 22 94 | 6 | 7.224 3.27 
3.31 | 6.95 | May 20 88 | 5 | 5.246 2.69 
AeO2 ONO on |e Oneser 103 7 | 6.611 3.25 
3.98 | 6.95 | May 19 | 109] 9 |14.721 2.91 
3.37 | 6.80 | June 3 103 oso 11 
ah ey} GLO) [oo Glos coc 103 | 8 | 2.912 Li 
sya |) S60) omeCn ness 103 | 8 | 4.114 1,89 
4,94 |-6.80 | Apr. 26| 141] 9 | 2.136 Peli 
4.21 | 6.80 | Apr.. 25 142 ).11 | 3.511 3.93 
eos} |] S600) |e ClO nooe 141 | 12 | 3.814 4,39 
5.43 | 6.80 | Apr. 21 | 122] 7 | 3.257 4.63 
5.46 | 6.80 | Apr. 26 | 119] 8 | 4.437 4.57 
4.53 | 6.80 | Apr. 25 119 | 9 | 6.040 3. 84 
35 | Alfalfa | 5,820 | Very gravelly.......-...... 156: 3 6.18 | June 11 67 10.91 3.00 
and ; 
grain. 
36 | Alfalfa. .) 5,330 | Very gravelly.............. 40.49 | 6.18 | June 15 65 -| 8.562 3.00 


| 2 13653°—Bull. 339—16 


1 New seeding, first year. 
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16 BULLETIN 339, U. S. DEPARTMENT OF AGRICULTURE. 


TaBLE VI. “_npects of different volumes of water on grains, orchards, and potatoes m 
Idaho during the season of 1912. 


ag; & [2 |€/& 
aa 3 $s 2/85 
43S ee Pal ane 
ad — Egla| #e 2 
ag || ESuehos Class of soil. Ro 2 ae # iy 3 
= | crop . Be oS |S] Be. 
= © So PI a|n| oo ac) 
e e aa ees oo |e | Seas, 
So £ -@ |e 2 & |g | Se = 
E = 2 Be) oe 8B 15/6 = 
Z, a <q Ay A 4 4|a a 
Feet. Acres. | In Days Feet. | Bushels. 
1 | Wheat.-| 3,800 | Medium clay loam......... 2.37 | 3.71 | June 20 }2222.- 1 | 0.735 67.5 
2 \-2-G0.-- =|) 3, S00))52--- GO eae Posed eee 6.54 | 3.71 |] June 24 |}...... 1| .871 72.1 
3 lleceOl@s5s5|) By) loess (6 Ko ee ee pee ore See 8.27 | 3.71 | June 18 36 | 2 | 1.158 82.9 
4| Orchard.| 38,825 | Medium clay loam....-..-. 4.58 | 3.71 | Aug. 1 |.....- 1 143 (4) 
5 | Wheat..| 4,000 | Shallow gravelly........-.- 5.68 | 3.71] June 7 22| 2 927 31.16 
Gu|Padokea-|, 4s0000MClayes Sat ee eee sees 7.72 | 3.71 | June 9 35 | 3 | 1.486 37.65 
7 |.-.do....| 4,000 |..-.-. Oe: h we Reais aes 4.16 | 3.71 | June 6 51 | 4 | 1.598 28.60 
8 | Oats..-.| 4,000 | Shallow clay loam........-.- 1.83 | 3.71 | June’ 5 39 | 2 487 10. 92 
9 |...do...-] 4,000 }-.-.-- GO assaektaecece eee 3.86 | 3.71 | June 3 53 | 3 | 1.427 25.90 
10 |.-.do..-.] 4,000 |..-.-- GOs san ase 3.23 | 3.71] June 1 57 | 4] 1.748 24.76 
11 | Wheat-.-} 3,800 | Shallow clay loam.......-..| 6.91 | 3.81 | June 26 |...... 1] .276 15.92 
1 Wo5-6lO-555|| S010) eo s24- MOS yosicte!) Sere Fear aan ae 6.05 | 3.81 | June 18 37 | 2 . 791 18.02 
13)5-200- - =|) 3,0003|5e2-- GO ne seemescee eee eee 6.09 | 3.81 | June 23 34] 3] 1.214 24.11 
14 | Wheat.-| 3,750 | Deep clay loam............ 4.85 | 3.81 | June 3 39 | 2] .967 39. 59 
1G ienelOoe 56) 3, 0 |asca- Oma cet kc eae cere 4.41 | 3.81 | June 4 60} 3 | 1.655 43.76 
1G |sacClOsocal| 85780) |2s5-- GO. se yee eee eee teeee 4.78 | 3.81 | June 2 61 | 3 | 2.053 42:05 
17 | Orchard-| 3,800 | Shallow clay loam.......... 8.40 | 3.81 | July 12 |...... 1} .093 OF 
ounds 
18 | Wheat.-] 2,763 | Impervious clay loam....-. bil ieee litshe 4) fesse asos5| sacoce 0 000 784.3 
19 |...do....}. 2 763 |----- G0sne* oe sec es. bees -170 | 8.25 | Jume 25 |...... 1 344 | 1,058. 81 
AD |leacOOc coe ws, 78} io ecee GOs aaaeiesceacEee .184 | 8.25 |...do.... 9} 2 529 | 1,304.32 
PAL oeeGlOss 5 s\lo 2) 103) |e MOF oe8 5 se swenbeecaere -173 | 8.25 | June 12 22) 3] .690 | 1,734.09 
PP) 2005-5 5)) 45 163) loascc Clo Rea S Seiteeinoe ance oie -161 | 8.25 |...do.... 36 | 4] .950 | 1,863.33 
2B) oecOOssou))) 75063) leoooe GO Se cee aste oa eee -178 | 8.25 |...do.... 36] 4 862 | 2,022. 48 
PE OO.6 so) 2 1G3 Ilesose COE ie cence sees -165 | 8.25 |...do.... 43 | 5 | 1.042 | 3,272.72 
Bushels 
25 | Wheat.-.} 2,607 | Impervious clay loam...... 3.98 | 8.25 | June 5 39 | 2 780 34.92 
PA) essa sail PEO loeose GOn ewe ek ie See ee 1.42 | 8.25| June 7 51 | 3 951 37.32 
Bl NsotOn seal) ZACO0 Nasco GO tyes Sees heats: 3.57 | 8.25 | June 3 54 | 4 | 1.186 38. 38 
28 | Wheat.-.] 2,607 | Clay loam.................. 13.36 | 8.25 | June 19 30 | 2] 2.473 31.81 
29 | Oats....| 4,949 | Very gravelly.............. 5.40 | 8.51 | June 28 40 | 3 | 2.953 76.7 
S0h|ee-GOn ses} 4519490 Se eee GORE See Sesee ues 5.52 | 8.51 | June 29 48 | 3] 3.236 63.0 
31 |...do....| 4,949 |..... GOs a ae eee eee 5.73 | 8.51 | June 28 49 | .3 | 4.263 74.7 
Pounds 
32 | Wheat..| 3,572 | Medium clay loam.......-. 689 | 3.47 | May 29 |...... 1| .638 | 2,367.3 
353 leac@@sceol|) S55 |osss- GORE Besse re eres -636 | 3.47 | May 28 23 | 2 | 1.087 | 2,336.1 
Be oaeOl@sacall BG Necosn Cl eietesaausasnomesace .625 | 3.47 | May 27 30 | 4 | 1.653 | 2,326.7 
35 | Wheat.-| 3,572 | Medium clay loam......... Bestel ene (allneseccaaaelococse 0} .000 | 1,087.7 
SO Wee eOlOo csc] B5G07 locoac GOs s ae tee eS ae .097 | 3.47] June 3 ]....-.. 1| .589 | 1,104.2 
37 |.--do.. 3, 572 -088 | 3.47 |...do....] 30] 3 | 1.244 | 1,530.6 
38 -do.- 3,572 -094 | 3.47 | June 4 28 | 4 | 1.475 | 1,525.4 
39 |_-.do..--| 3,572 -091 | 3.47 |...do.... 44 6] 1.806 | 1,444.3 
40 |.-.do....| 3,572 .093 | 3.47 |...do.... 44 | 7 | 2.381 | 1,652.3 
41 |...do...-| 3,572 -089 | 3.47 |...do.... 52 | 10 | 2.638 | 2,022.3 
42 | Wheat.-.| 3,572 | Medium clay loam......... PESG! | S54 eee sa eee 0} .000 912.7 
68) |oe-Clses || G60) lessee (0 lors i pete ees eae -091 | 3.47 | June 3/]....-. 1] .343 | 1,207.2 
AS COs 5 al) CHOP) lacane COR ene seta te nocaas -092 | 3.47 |...do... 29 | 3] 1.190 | 1,207.8 
Ab) ae Ocme all) C0) \laodoc CORE NARe CE Oaatae SeSeES -088 | 3.47 | June 4 28 4 | 1.179 | 1,775.6 
AD oecCWogce|| Goal socce CO RAR ae tees a eine .094 | 3.47 |...do.... 44 6 | 2.125 | 1, 483.0 
AT pee COnerasa| Si O02n a seee Ons aa Pe ned anes -090 | 3.47 |...do.... 44 | 7 | 2.216 | 1,770.9 
ASH Pee COeee =| LOO U2 ser a GO sea snee ease eee .097 | 3.47 -do...- 52 | 10 | 2.798 | 1,780.2 
49 | Wheat..} 3,572 | Medium clay loam......... -183 | 3.47 |..3-.-.- z.|--2---| 0 |. .000 | 1,042.5. 
500) |ac@esoa\| BEV Ilhedo. Ons eae eee tae .094 | 3.47| June 3 |...... 1| .481 | 1,122.8 
Bil oto nel SBT) lrecoe Oe etis eeee mate 090 | 3.47 |...do....| 29] 3 1.273 | 1,407.8 
SP Neoe Oks s ol] — BGP) Nader GOE ys See seine een ee 092 | 3.47| June 4 29) 4 | 1.272 | 1, 469.0 
5B) Nea@Ooaes|. SEEUP bocce do bine Cat ao eee .086 | 3.47 }...do....| 44] 6 | 1.815 | 1,586.9 
BE eeesconl|' eharenlsosc- GOA se teeta rence 094 | 3.47 |...do.... 45 | 7 | 2.146 | 1,536.0 
55 |---do-- 3,572) |.---- (0 (oA RSA ee pememeead & 084 | 3.47 |...do.-.-| 52] 10 | 2.436 | 1,846.0 


1 Only 5 years old, small yield not- measured. 


y 
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‘Tapue VI.—Effects of different volumes of water on grains, orchards, and potatoes in 
Idaho during the season of 1912—Continued. 


te 
No. of plot. 


“s 


ae 


| 


orsr 
= 


2b, ARES 


‘TABLE VII.— Effects of different volumes of water 


a 


= 
mo 

ue 

Class of soil. st 

~— vo 

a ge 
E < | Be 
3 oo 2 B 

a 4 | au 

Feet. Acres. | In. 
3,572 | Medium clay loam.....:... -383 | 3.47 
a BY 4 ose GOs eewse sega as 378 | 3.47 
OROl2 Ea alee (oKo) Re i Fea ei nes -383 | 3.47 
GrNV (7-4 ease GORE remeee ohare se -390 | 3.47 
OrOle lois ciae GOR re eect e .334 | 3.47 
3,572 | Medium clay loam...-..... 325 | 3.47 
BBY Pe | bemee Ome Sa tenee ote a - 326 | 3.47 
Say Ml aa it Ek Ya a .312 | 3.47 
3,572 | Medium clay loam..-....-.. 627 | 3.47 
Cy ayo eae Ce a a m= ae 628 | 3.47 
a ae Gln ates hale emai .636 | 3.47 


Date of first irrigation. 


30 
29 


of irrigation | 


season. 


Length 


| Number ofirrigations. | 


OI Oro 


“Torun O10 


=| 
Je 
EB | ¢ 
S mH 
aa 3 
Bo 5 
OH my 
ae | 2 
Ss = 
a va 
Feet. | Pounds. 
0.418 | 2,362.3 
-857 | 2,992.3 
1.267 | 3,333.3 
1.577 | 3,264.9 
2.036 | 3,830.5 
.434 | 2,505.3 
1.061 | 4,074.1 
1.521 | 4,320.5 
.541 |12,135.0 
1.943 |18, 613.0 
2.516 |16, 681.0 


. during the season of 1912. 


se 2 |é [El 
? - See eh ceuiccalea ly © 
i - q-5 As} “4 4 
-.: ieee of Class of soil. Se = ne % a! |) Se 8 
eg Be [i ae Se see Oe 
ie) a=} aq 4 a o2]/ 3 2, 
S B G Lo ° ye) 2 = Ss ro 
= et 3 By = = I s oO 
— H Oo - oO -_ 
%, a a |aa a Sp ie BH 
t Lips Days. Feet. | Pounds. 
. 1] Alfalfa. . 3.47 | May 27 44 2 | 0.615 | 5,695.0 
eo |...0..... 3.47 | May 14 65 4 | 1.308 | 8,003.0 
ms) |2.-d0....- Be, NoeHOKOR as ae 78 7 | 2.059 |10, 828.0 
Bale do:..- - Bol 5 scCl@sane - 84 9 | 2.533 |11,317.0 
5) ec Coa BAe Nee eOlOsnce = 88 | 11 | 2.931 12) 506.0 
Bele d0s. 2 =. 3.47 | May 15 86 | 13 | 4.003 12; 612.0 
: Tons. 
7 | Alfalfa 3.71 | May 22 95} 3] 1.708 5. 94 
S5|_..do... 3.71 | May 24 90 3 | 2.070 5. 84 
OnE. -do-.< -- 3.71 | May 16 123 6 | 3.381 5. 70 
10} Alfalfa... 3.81 | May 14 107 7 | 2.339 6.44 
etl |...do..... Gil IL dls. 107 | 6 | 2.513 5.90 
Waee2 )..00...-- 3.81 | May 13 107 | 9 | 8.153 7.04 
13 | Alfalfa. - 3.81 | May 31 97) 3] 1.064 4.67 
"4 14 |_..do. 3.81 | May 24 92 4 | 1.589 4.42 
a5 |. catia 3.81 |...do.....] 100] 4 | 1.799 4.80 
Alfalfa. . 3.81 | May 27 98 | 41 2.413 6.00 
pin... 8.25 | May 17 101 6 | 1.870 4.31 
8.25] May 16 98 6 | 2.961 4.11 
ee fi: 8.25 | May 19 105 7 | 2.887 3.89 
; Alfalfa. 8.51 | May 31 75 | 5 | 1.983 2.52 
Wale = 00255. 8.51 | June 21 Spy |) 8} |p Be Ps 1.48 
Be COwe nts): 8.51 | June 1 75 6 | 2.582 1.58 
Alfalfa. . 8.51 | June 4 71] 4 | 3.047 1.82 
4a (a 8.51.| June 5 71 4 | 3.307 2.00 
does. 8.51 | June 4 71 4 | 6.721 2.50 
? 


18 BULLETIN 339, U. S. DEPARTMENT OF AGRICULTURE. 


TaBLe VIII.—Effects of different volumes of water on grains, alfalfa, orchards, potatoes, 
and sugar beets during the season of 1913. 


SRO Eid ies ge 
an 3 S det || les 
<5 & | |s| we 
=I ‘E Egle | ae 2 
ie Kind of Class of soil. § a = wae |e | a 8 
= | crop. ‘ £9 : oS 1S] oe 
oS [->) 3.2 re tA ) 5 5 
a 2 = oS a” |8] 338 a 
= 3 0 oi) 2° 6 Se 
2 # ee Sie 2 bo 6/8 | ‘SF Ss 
iS = 2 oF 3 a 3/6 2 
a < < an a) A || Te va 
Feet. Acres. | In. Days. Feet. Tons. 
1 | Alfalfa. _|- 4,500) Clay loam.-....-.-.---...-- 2.70 | 7.35 | May 31 90 | 3 |1.2850 3.06 
7A ese aoal) HUY) enon Osea ee tee eee 345 | eo | pee Oneeee 87 | 4 |1.9607 2.50 
3 lesdiOpeacel|a Cae 0) eee 0! S852 ae a a ee 3.44 | 7.35 | May 30 89 | 6 |2.6876 3.03 
; Bushels. 
4 | Big ete AC a0) || (Clehy WaRhi-sasss6ssncecce- 5.08 | 7.35 | July 2 |) -.-.. 1 | .3554 33.85 
oats. Bi ; 
Ole e Olean) Aon0.|eeere GO. ee ee See eeaee 5.06 | 7.35 | June 30 29 | 2] .8939 36. 95 
Gulaeedosss AS a0) | eee Os. seis pee seen 5.07 | 7.35 | June 28 29 | 2 |1.3291 33. 82 
7 | Wiheat=-\— 455500" Clayaloam= 2222. -n2-eenee 3.01 | 7.35 | June 22 23. | 2] .9954 24. 24 
8) |-esdorse 4,550 |.---. (Ola en Pees SRC caress Ayn oe 4.17 | 7.35 | June 24 38 | 3 {1.6230 25.77 
Ouieesdores 4,550 |. .--= GOs. Aah Rake eee a 3.03 | 7.35 | June 6 58 | 4 |2.3346 16.99 
10 | Wheat 42550) Clavel eam seen seers ee eeee 3.53 | 7.35 | May 10] 109] 5 |2.3445 17.13 
ALL PCL Owe 4,550 |..--. GO reer eee See eS 6.06 | 7.35 | May 14 99 | 4 |2.6808 18.72 
12) |e edose: 45550 |. (0 a aa es ats Ie Ios as 4.45 | 7.35 | May 10} 105] 5 |3.2882 20.45 
Tons. 
13 } Alfalfa 4,850 | Deep uniform clay loam. 7.52 | 7.35 | May 29 63 | 2 |1.4190 3. 83 
14yEeedose. 4,850 |...-. (0 Lael arated 25 een anes die 5.12 | 7.35 | May 7] 107] 3 |2.4645 4.00 
15 do... 4,850 |..... GOs S22 spn eee ee 6.60 | 7.35 | May 41] 109] 4 (3.7354 3.68 
Bushels 
16 | Wheat..| 4,700 | Deep uniform clay loam 6.00 | 7.35 | June 30 39 | 3 .7579 24. 66 
17 Loko AMON See CLO ee eae oe ee 5.16 | 7.35 | June 27 35 3 |1.3089 23. 83 
18 dome A100) = aes COnt oss cece 3.07 | 7.35 | June 25 43 | 3 |2.2844 31.59 
19 | Big ‘‘4”” | 4,700 | Deep uniformclayloam...| 4.73 | 7.35 | June 8 58 | 3 | . 7833 41.22 
oats. i 
20 eed Obes | e400) eens DOs set Sees - 4,80 | 7.35 | June 6 47 | 3 |1. 2642 41.45 
Di donee |e 45700) | eene (6 Loppers artes, bree ct 4.90 | 7.35 | June 5 49 | 3 |1.5722 41.22 
Tons. 
22 | Alfalfa..| 4,300 | Deep clay loam......-...-. 3.82 | 7.35 | May 26 7 3 |1.3327 3.94 
JB no OO saeeal) 25et00 \beouc (Koei ont ps Se Seah 3.61 | 7.35 | May 7 95 | 4 |2.3552 6.11 
PASTS GOs222.)|) 14; 0000 eset ed Os eee eee eres = eee 5.77 | 7.35 | May 4 112 | 6 |3.5394 6.10 
Bushels.. 
Zo, Wiedte= | sn4so0n i Clayelodim sas sere 4.96 | 7.35 | June 27 13 | 2] .4737 12. 29 
26'|...do... AN 8508 | Saeed Ovesen ee seer ee 4.36 | 7.35 | June 24 17} 2] .8890 17.20 
27 domes. 4,850 |..--. (Lo aegis art Bien ee 4,83 | 7.35 | June 21 19} 2] .9253 13.72 
28 | Wheat..| 4,300 | Medium clay loam.......-- 3.92 | 7.35 | June 7 25 | 2 | .6553 33.17 
29E |e COrss aalpes 00 eeere GO ore ge ens ee Sees 4.19 | 7.35 | June 4 40 | 3 |1.3949 35. 32 
SON 8do: 225/44 300" eens seers eee ~. 22) 453849875353 June so 69 | 3 |2.1856 32. 25 
31 | Wheat..| 4,300 | Medium clay loam....-..-... 3.19 | 7.35 | June 28 17 | 2 | .7080 32.28 
Ol Bee OO eee 4,300 |.---- (OO ee ea stars Ae ion cles 3.18 | 7.35 | June 27 18 | 2 |1.0016 51. 57 
BomeeeGOsseae A; 300)|-- 2-2 GO Me aes eee 3.43 | 7.35 | June 26 18 | 2 {1.2413 46. 80 
34 Oats....| 4,300 | Mediumclay loam-......... 4.11 | 7.35 | May 31 70 | 3 | .6514 34. 42 
35 linac@seo8- 4,300 |.-.-- dO)se5 = Sse nee ees 6.25 | 7.35 | May 11 97 | 4 1.2835 44. 88 
36 Goreene 4,300 |..... GO) see aE. ee ee 2.27 | 7.385 | May 28 72 | 4 \1.6017 49.33 
37 | Wheat..| 4,570 | Deep uniform clay loam...-| 7.05 | 7.86 | June 24 |..___. 1 | .4930 39.7 
38) | Oatse..-\) 450/02 o ee COLOR) Serene ramen elt, 2.38 | 7.86 | June 25 |......| 1 |-. 71389 35.7 
Tons. 
39 | Sugar | 4,570 | Uniform clay loam.......-. 7.83 | 7.86 | Aug. 8 17 | 2 {1.6432 15. 72 
beets 
Bushels 
40 | Oats....| 4,570 | Deep uniform clay loam....| 4.35 | 7.86 | July 12 37 | 2 {12930 33.3 
Aiba ae tees HOBO Naooen doz tases ee ae See 4.57 | 7.86 | July 16 |~ 34] 2/1. 7217 36.5 
42 Gores. 4,570 |...-- GG: 2oSs25 eee tec eee 3.91 | 7.86 | July 18 33 | 2 |2.9109 16.6 
Tons. 
AS a BALialiars|) 4) 700" a Deep sass esse Seer er 3.58 | 7.86 | May 26 |....-- 1 {1.0440 1.76 
OB N= ah AW) |p AOS: sseestacneees ras 2.69 |.7.86 | May 27 |......| 1 |1.5148 2.6 
A5 )...d0.....! 4,700 |..... GOseteesee ces eee 3.70 | 7.86) May 28 |...... 1/1. 8778 2.84 


1 Yield reduced by jack rabbits. 


. 


Kind of 
crop. 


| No. of plot. 
Altitude 
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Taste VIIT.—E fects of different volumes of water on grains, alfalfa, orchards, potatoes, 
and sugar beets during the season of 1913—Continued. 


April- 


season. 
water applied. 


Precipitation 

September, inclusive. 
Date of first irrigation. 
Length of irrigation 
Number ofirrigations. 
Total depth irrigation 


46 | Alfalfa..} 4,570 | Deep uniform clay loam.... 


msi. .do....- 4,570 |..... 


~ 
1 
a a 
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* 
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Yield per acre. 
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VARIATIONS IN IRRIGATION REQUIREMENTS OF SOILS. 


Tons. 
3 


© 


4.1 
3. 89 


Bozes. 
300 


Pounds. 


0.00 
1,030. 93 
1,558. 58 
1, 661. 60 
1, 703. 88 
1551.31 
2° 571.43 


0.00 
1,109. 42 
1, 839. 30 


2,273.27 
1,879.19 
1, 888. 89 
3, 632. 81 


0.00 
1,339. 60 
1, 922. 60 
1,377. 91 


12,251. 55 
18, 416. 15 
22, 095. 47 


‘10, 601. 16 


9, 685. 07 


10, 410. 06 
11, 705. 09 
13, 989. 16 
15, 022. 34 


A study of the results secured indicates that the porosity of the 
soil is one of the most uo factors influencing the irrigation 
requirements of soils, and for the purpose of comparison the soiis 
have been divided into two classes, according to their physical charac- 
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teristics: (1) The heavier soils, consisting of the clay, clay loams, 
sandy loam, and fine sandy soils; and (2) the porous soils, consisting | 
of the coarse sandy and gravelly soils. he difference in the require- 
ments of these two classes is illustrated by Table IX. 


TaBLE IX .—Average volumes of water used on tracts with different types of soil. 


/ Acre-feet used. 
No. Description. 
-7. | Lmpervi-| Porous 
Allsoils. ous soils.| soils. 
1 | Alltractsincluded in the investigation...............--..-..-.-.--.- 12:06 11.60 4.66 
2 | Allalfalfa tracts included in the investigation..........-..........-- 3.35 2.40 7.10 
3 | All grain tractsincluded in the investigation............-..--.-.--.- 1.56 1.32 3.19 


1 Average low, due to fact that 74 per cent of tractsincluded was grain. 
VARIATIONS IN IRRIGATION REQUIREMENTS OF CROPS. 


Table X is made up from the data secured on the medium clay 
loam type of soils and shows, by crops, the average quantities applied 
to the majority of the tracts of this type cluded in the investigation. 


TABLE X.—Average volumes of water applied to different crops on medium or clay loam 


souls. 
sabi? 
volume of 
‘No. Kind of crop. be water 
NA applied 
per acre. 
Acre-feet. 
1 | Winter.graino 2s2.S2che ost oe Sa face ei ee ee ee 15 0. 82 
2) Spring Sfain 2222-552. 23 so. ee ee Bae Se ene eee AEE eee | 216 1.27 
8 | Adfalifa.s 2 os2cces kas ed Se SARE ee Be i a | 79 2.43 
AN Pastures. 2 hae een emcee ot 32 Wace ao BLE 2 Dake Soe ae eee ee Sate eee ee 13 13.02 
5! Potatoesic oo ace ae ine Ss se Se oho  e 17 1.71 
|| OuOneiil 55 Sonos ccaesessusthessaressssscsncrsste Beer a bass asen a os sce oe il 1. 45 


1 Waste not deducted from volume applied to part oftractsincluded. Proper average Guautily retained 
approximately 2.8 acre-feet. 


Table X shows that different crops received diene volumes of 
water and that for the purpose of comparison they may be safely | 
divided into two classes—the winter and spring grains, potatoes, and 
orchards falling in one class and the alfalfa and pasture fallmg in the 
other. The table does not show the irrigation requirement for the 
various crops on this type of soil, for some of the experiments showed 
rather low yields, due to excessive or insufficient water. 

In order to throw light upon the irrigation requirements of the two 
classes into which the crops observed may have been divided, the 
data have been combined in a different manner m Table XI. In 
this table the yields from the plots making the maximum yields 
from all experiments on clay loam soils, irrespective of the quantity 
of water applied, are compared with the average quantities applied 
and yields produced from all plots on the same type of soil. 


-— 
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Taste XI.—Comparison of volumes of water used on plots giving maximum yields and 
the average volumes used on all plots on clay loam soils during 4 years, 1910 to 1915, 
inclusive. 


Average vol- i 
Number | ume of water | Average yield 
of plots. | applied per per acre. 
acre. 


Average yield 
per acre-foot 


Description of plots, 
of water. 


Alfalfa: Acre-feet. 
All plots included in investigation........ 79 2.40 | 4.91 tons...... 2.04 tons. 
Plots making maximum yield in each 26 2.73 | 5.47 tons...... 2 tons. 
experiment. 
Grain and cultivated crops: 
All plots included in investigation.......- 221 1.33 | 36.38 bushels. | 27.39 bushels. 
Plots making maximum yield in eac 60 1.74 | 44.92 bushels. .| 25.79 bushels. 
experiment. ; 


Table XI shows that the average quantity required to produce the 
maximum yield of crops was greater than the average quantity 
applied to all tracts included in the investigation. All the results 
from the experiments on clay loam soils have been plotted as curves, 
the volume of water applied and the yield produced being the two fac- 
tors considered. 

Figure 3 shows both the individual and the average yields secured, 
and the quantities of water applied to some 207 fields of spring and 
winter grains. The yields upon soils that have been fertilized either 
with manure or by the plowing under of alfalfa sod have been plotted 
as triangles, while those upon ordinary or infertile soils have been 
plotted as small circles. The points representing both fertile and 
infertile soils-are widely scattered, indicating that the results secured 
from any one.plot can not be depended upon and that only anaverage 
of the results from a large number of experiments should be taken 
into consideration. The points representing each experiment have 
been connected by straight lines. The curves showing the average 
of results in both fertile and infertile soils have been constructed 
by averaging the poimts at which these lines crossed the vertical 
lines of the diagram. Owing to the many factors which may affect 

the size of the crop produced with any given quantity of water, as is 

indicated by the variation in the points upon which the curves are 
based, these curves will not definitely fix the size of the crop that can 
be produced on any particular tract. Each is based upon a large 
number of determinations, however, and shows within reasonable 
limits the results which may be expected from clay loam soils. 

A comparison of the two curves shows that a much higher effi- 
ciency is almost invariably secured from the water when applied to 
fertile soil, and they both show that with either the yields may be 
expected to increase as the water applied is increased until as much 

as 14 feet per acre have been applied, after which the yields will 
tend to decrease with greater applications. These curves show a 
striking agreement with the results given in Table XI and would 


“ 


29) BULLETIN 339, U. S. DEPARTMENT OF AGRICULTURE. 


seem to prove that on an average about 14 feet of water per acre are’ 
required for the maximum yield of grain on the average soil of Idaho. 
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Fig. 3.—Irrigation requirement curve based on yields and amounts of water applied to 207 individual 
fields of grain on clay loam soils in Idaho during the seasons 1910 to 1913, inclusive. 


The curve shown in figure 4 is made up from the results secured on 
77 fields of alfalfa and clover on clay loam soil and shows marked 
tendency toward increase in yield as the application of water is in- 


4 


IRRIGATION EXPERIMENTS IN IDAHO. 23 


ereased, as there is no appreciable break in the curve within the limit 
of the experiments. This curve shows again that alfalfa and clover 
require much larger supplies of water than grain, but the increase in 
* the yield of alfalfa is not proportional to the increase in the water 
applied. Notwithstanding the fact shown by the curve, that the 
yield continues to increase with increased quantities of water, other 
considerations, such as the danger of water-logging land and the 
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Fie. 4.—Curve based on yields and amount of water applied to 77 individual fields of alfalfa on clay 
loam soils in Idaho, during 5 seasons, 1910 to 1914. 


limitation of the acreage which can be irrigated with a given water 
supply, would make it appear somewhat fave whether more than 
3 a per acre should ever be allotted to alfalfa on medium clay loam 
soil. 

The alfalfa curve (fig. 4) was made up from observed data by first 
plotting all points on the sheet, after which points representing dif- 
ferent plots of each experiment were connected up by straight lines 
similar to the method used with the grain curve (fig. 3). The depths 
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represented by the point where the various lines crossed each 0.5 
foot in depth were then averaged, thus fixing the curve. 


TaBLeE XIT.—Averages upon which alfalfa curve is based.. 


Number Number 
of points | Average of points | Average 
Depth. consid- | yield. Depua consid- | yield. 
F ered. ered. 
Feet Feet 
BOS Seueroee seecases ce caasad aaee 4 B50 iBe Oe age shan aa ee eee See ree 13 5.30 
aie a ees eee ce tetra) cess eee gel 11 vo ASLO: |[as Osos eee eer ae eee eee eee 10 5.38 
ee ee Dice sie ee eee 16 4,40 iRiOe o o oases eee 5 6. 06 
QED espa ota oe eae ener 16 4) (86) ba eee eee ence 3 6. 96 


The curves in figures 3 and 4 show the average yields which were 
produced on the average clay loam soils of southern Idaho with 
given volumes of water, there having been a wide divergence in the 
results upon which they are based, and it should not be inferred that 
they will check exactly with the results from any individual farm. 

The effect of fertility on the return of grain from the use of givén 
quantities of water is illustrated further by an experiment which was 
carried on at the Twin Falls experiment station during the season of 
1914. Six adjoiming one-tenth-acre plots of rather infertile soil 
were planted to Marquis wheat. The land devoted to these plots 
had been farmed to grain six years after the sagebrush had been 
removed. Three of the plots were fertilized moderately, with appli- 
cations at the rate of 15 loads of barnyard manure per acre; the 
remaining. three were left in their original condition and did not 
receive any fertilizer. Two of the plots, one fertilized and one unfer- 
tilized, received an application of 1 foot of water per acre; the second 
two plots, one being unfertilized, received an average application of 
2 feet per acre; and the third set of two plots, one of which was unfer- 
tilized, received an application of approximately 3 feet per acre. 
The results secured are shown in Table XIII. 


TaBLE XIII.—LHffect of fertilizer upon yield and irrigation requirements. 


Yield of 

Number | Water | Yield of | grain per 

No. Method of treatment. Area, | ofirriga- | applied grain | acre-foot 
tions. | per acre. | per acre. | of water 

applied. 


1 3 1.05 1, 000 
2 5 1.94 1,144 590 
3 7 2.99 1, 266 493 
4 3 1.07 1, 467 1,371 
5 5 2.01 1, 663 
6 7 3.05 1, 826 599 


Results during the same season upon fertile alfalfa-sod ground 30 
miles north of Twin Falls, at the Gooding experiment station, indi- 
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cuted that the maximum yields were made with approximately 1 
foot of water per acre, and that applications in addition to this quan- 
tity made a considerable decrease in the yield. There is no doubt 
that had the fertilized plots of the Gooding experiment been more 
fertile the largest yield would have been made with the 1 foot per 
acre. 

This Gooding experiment, together with the other experiments 
which have been made, seems to prove conclusively that less water 
is required for the production of a given yield of crop on fertile soils 
than is required for the same yield of crop on infertile soils and empha- 
sizes the necessity of maintaiing a high state of fertility in cases 
where a high duty of water must be secured. It does not mean, 
however, that less water is required by the fertile soils, for, as shown 
by figure 3, fully as much is required for maximum crop production, 
a greatly increased yield being produced on the fertile soils. 


RESULTS SECURED WITH INDIVIDUAL CROPS. 


In order to show the results secured from single crops on the same 
type of soil, curves are shown in figures 5, 7, and 8. Each of these 
curves is hased upon five years’ results at the Gooding experiment sta- 
tion. The average amount of precipitation during the growing sea- 
son for four of these five years was 2.92 inches. Considering that 
each of these curves is based upon a number of experiments, that this 
station lies at the average altitude for southern Idaho, and that the 
soil, which is a medium clay loam, rather impervious, and averaging 
6 to 8 feet in depth, is representative, it is believed that the results 
plotted are typical of what may be expected throughout the State, 
and that they show within a reasonable limit the yield of crop which 
may be produced with a given quantity of water. These curves do 
not necessarily indicate a proper duty of water under good practice 
in Idaho, since, as is later stated, local economic features enter largely 
into all such problems. 

The curves in figure 5 show the average results secured from 96 
plots of staple varieties of sprmg wheat grown during the five seasons. 
One curve shows yields per acre, and the other yields per acre-foot of 
water applied. Considering the large number of plots upon which 
these curves are based, they should be very dependable. The curve 
showing yield per acre agrees with the data secured elsewhere through- 
out the State, in that it shows that the yield of grain will normally 
increase as the water applied is increased until an amount varying be- 
tween 1.4 and 1.8 acre-feet per acre has been applied, after which the 
application of more water will decrease the yield of grain and in many 
cases the yield of straw as well (fig.6). The curve showing yields per 


_ acre-foot of water (fig. 5) shows that the highest efficiency from water 


applied to spring grains is secured where the smaller quantities are 
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used. Where 2.8 feet per acre were applied each acre-foot gave a 
return of 584 pounds of grain, while an application of but 0.4 foot per 
acre yielded at the rate of 3,474 pounds per acre-foot, or very nearly 
six times as much grain per unit of water as was secured where the 
larger application was made. It must be noted, however, that the 
yield per acre with the application of but 0.4 foot per acre was rather 
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Fic. 5.—Yield per acre and per acre-foot of water applied from 96 plots of spring wheat at Gooding 


experiment station during five years, 1910 to 1914. 


low and would not be profitable in many cases, because the returns 
would not equal the cost of production. While these two curves 
indicate the results which will be obtamed by applying different 
volumes of water to spring wheat on this type of soil for the condi- 
tions obtained in southern Idaho, the economic quantity to allot for 
grain is a distinct problem. Whether it is more profitable to use 
little water per acre and get a large return per acre-foot of water and 
a low yield from the land, or to use more water and get a large return 


~— 
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per acre from the land and a low return per acre-foot of water de- 
pends on the relative cost of land and water, the cost of production, 
and other factors. The solution of the problem in each instance 
depends on local economic conditions. 

The curves presented in figure 7 show the average results secured 
from 21 plots of alfalfa grown during five years at the Gooding ex- 
periment station, and also of three plots grown at Buhl, 30 miles 
away, on the same type of soil. These curves show that alfalfa re- 
quires large quantities of water and that the yield increases as the 


Fic. 6.—Effect of different amounts of water on the yield of straw, Gooding experiment station. 


supply of water is increased, sufficient water not having been ap- 
plied to determine at what point the excessive supply begins to de- 
erease the yield of alfalfa. The lower curve shows yields of hay per 
acre-foot of water applied and mdicates that while less efficiency is 
secured from water where large applications are made, the decrease 
is not nearly so pronounced as when they are applied to gram. These 
curves and the data from which they were constructed are typical of 
the results secured throughout other districts of Idaho on this same 
type of soil and show that if yield alone is considered it is difficult to 
apply teo much water to alfalfa, provided no more is applied at one 
time than will be promptly absorbed by the soil. The proper 
quantity to allow for alfalfa, however, as with the grains, will be 
determined by local economic conditions. 
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The curves shown in figure 8 are made up from the results secured 
ee 16 plots of potatoes grown at the Gooding experiment station 
during five years. The curves show that potatoes require somewhat 
more water than the grains and that there was a strong tendency for 
the yield to increase as the supply of water was increased within the 
limits of the experiment. Since the rate of increase in yield grows 
sméller as the quantity of water is increased, it probably will not be 
advisable or profitable to apply more than 2 or 2} feet per acre to 


Depth Applied infect. 


Fic. 7.—Yield per acre and per acre-foot of water applied from 24 plots of alfalfa at Buhl and Gooding 
during 5 years, 1910-1914. 


potatoes on clay loam soil under conditions similar to those existing 
in the vicinity of Gooding. Here, as before, the curves indicate 
within reasonable limits the results which may be obtained with 


different volumes of water, and the quantity to apply in ae case 
will be determined by ion economic conditions. 


IRRIGATION REQUIREMENTS AT DIFFERENT TIMES DURING THE SEASON. 


The curves (figs. 5 and 7) do not show the proportion of the season’s 
supply required at different times. In the design of irrigation projects, — 
whether they be dependent upon reservoirs or direct diversion from 
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a stream, or whether water be pumped, it is necessary to know this 
factor. The irrigation requirements at different times throughout 
the season are controlled by the crops grown and the climate of the 
locality in question. Alfalfa or pasture in any arid region usually 
requires water throughout the growing season, or from early spring 
until late fall, while the grains require water during not to exceed 
the first one-half or two-thirds of the season. Potatoes require 
water throughout the season, but do not need it so early as grains. 
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Fic. 8.—Yield yer acre and per acre-foot of water applied from 16 plots of potatoes at Gooding experi- 
ment station during 5 years, 1910 to 1914. 


Beets and orchards when well cultivated need little water in the early 
part of the season, the greater part of their requirements occurring 
from July to September, inclusive. 

For the purpose of throwing more light upon the total require- 
ments during the season and showing the proportion of the whole 
required during each month, the data secured from both the medium 
and porous soils have been reclassified in the followmg manner: 
(1) The data for each class of crop on each class of soil (for classes, 
see p. 20) have been segregated; (2) the average depths of water ap- 
plied to the tracts for each month and for the season have been com- 
puted; and (3) tracts on which the yield was appreciably reduced by 
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deficient or excessive water application have been eliminated, as have 
a few tracts on which a very large increase in water application was 
necessary to produce a small increase in the yield. The remaining 


data, some 50 per cent of the original data secured, ae been =oup a 
in Tables XIV and XV. 


TaBLEe XIV.—Average depths of water applied to 119 selected fields of grain and potatoes 
on medium clay and sandy loam soils, by months. 


[Altitudes ranging from 2,400 to 5,000 feet.] 


Depth of water applied. 
Season. Ses 

ofplots.| Apr Total for 

16-30 May. June. July. |-August. | ooeson: 

Foot. Foot. Foot.. Foot. Foot. Feet. 

UL tS Sie See aurea ees Soars SES Saas ohare 0.32 0. 60 0.55 0.08 1.55 
19S. os teedacehenecece eee 30) | 22565252 -03 - 65 -48 O01 1.17 
1912 oc tee einck beoee meee 25m | ssw sabe ee ere Fees 94 - 66 -05 1. 65 
1913. Soa secosae suseh seas estas 33 0. 04 ~ 21 . 54 .59 - 23 1.61 
IA-VOTALO SS. 5 2 sey pees alee eee eters -O1 14 - 68 Syl -09 1.50 
Per cent of total. --....=--|--=..-.2-- . 67 9. 28 45.91 38.10 GhOGW esos eee 3. 


Table XIV shows that both the months and the seasons have 
varied somewhat in their requirements and that the average annual 
requirement of water for this class of crop was 1.50 feet per acre. 
The results shown by the table are based upon the same data as 
are included in figures 5, 7,-and 8, but were arrived at in a different 
manner. There is a very close agreement in that the requirement 
of water shown by the table is practically the same amount as that 
which the curves indicate will ae cs the maximum yield on both 
fertile and infertile soils. 

Table XV shows the average depths of water used on alfalfa, 
arrived at in the same way. 


TaBLE XV.—Average depths of water applied to 52 selected fields of alfalfa eee clover on 
medium clay and sandy loam soils. 


[Altitudes ranging from 2,400 to 5,000 feet.] 


Depth of water applied. 
Number | - 
Season. of plots. April— Sep- | Total 
May. | June. | July. |August.) tem- for 

1-15. | 16-30 ber. | Season. 

Foot. | Foot. | Foot. | Foot. | Foot. | Foot. | Foot. | Feet. 
W910 soasccsen se 15 0. 06 0.02 0.55 0. 74 0. 65 0.61 0.07 2.70 
cL i Leesa eis ee eee 1 BF eee a .04 - 49 - 29 -91 | =. 70 - 25 2. 63 
LY) DA Se OR On a ae ete So oe eee eae ac - 49 - 50 . 62 -61 04 2. 26 
OTS ee oer ee anette ane 18a hee seo 6 eae . 86 -23 -74 -39 . 02 2. 24 
Gage eee [See eee .02 02 : : a) .58 .10 2. 49 
Per cent of total. ...- | Bee eras .8 8 24.1 Wye 29.3 23.3 ORT emcees 
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The average annual requirement of 2.49 feet of water per acre 
is less than the amount required to produce maximum yields, as 
shown by figures 4 and 7, where an application of 24 feet pro- 
duced yields of 5.25 and 4.86 tons per acre, respectively, with an 
increasing yield as the quantity applied was increased. The curves, 
however, do not show at what point economy demands that the 
quantity applied be fixed, and it_is believed that the table does 


_ show this for economic conditions similar to those in Idaho. 


The United States census of 1910 showed average yields of irri- 
gated alfalfa as follows: Idaho, 3.27 tons per acre; Oregon, 3.29; 
Washington, 3.98; and California, 3.49, all other States having a 
less average yield. Considering these average yields along with the 
facts shown by both the table and the curves, and also the danger of 
water-logging the land and the curtailment of the State’s irrigated 
area, it is believed that 2.5 feet of water per acre represents the proper 
allotment for alfalfa on clay loam soil under economic conditions 
similar to those of Idaho. 

Each of Tables XIV and XV shows the monthly and seasonal 
requirements of only one class of crops. Hence, before the data con- 
tained in either or both of them may be used for the determination of 


the proper allotment on an entire project, it becomes necessary to 


know what crops will be grown upon the project, for alfalfa and pas- 
ture require so much more water than grains that the ultimate acre- 
age of each particular class of crops becomes a dominant factor. In 
order to throw light upon this subject and furnish an accurate basis 


for combining the two tables to show the requirements of an entire 


fi 


project, a census of several typical Idaho irrigation projects was 
secured, the results being shown in Table XVI. 


‘TaBLE XVI.—Areas devoted to different crops. 


Grain, potatoes, 


Hay and pasture. arial @nelacnal, 


District. Year. Total. 


Per cent | Per cent 
lexad | ontotaly 2-2 | of total: 


Acres. Acres. Acres. 
Ne eis South Side project........---.-- 1912 70, 043 47.55 | 77,266 52. 45 147,309 
2 Be SUR Se OO Ee eee aS 1913 67,115 44.95 | 82,196 55.05 149,311 
Beran” Boise Valley projects......--..------- 1911 | 126,253 159.75 | 17,684 | 40.25 43,937 
Six Boise Valley projects....-......-.------- 1912 | 24,492 57.90 | 17,804 | 42.10 42,296 
TOUS 90. tha GS SERS eee eee ee met ee (Rea Hl SiO Opi eet is QA SOF Ole pies ae 382, 853 
ANGIBIER SA SSG BS Ree at ae a tire tes ied Rint aetna falar ence ae 49.08 |.---- ome DOO Zane ut eae 


1 This area ae Perea was somew tae anos e acre on account of the aoe ely ioe acreage 
of bottom land that was seeded to pasture under some of those canals. 


Table XVI shows that under normal Idaho conditions almost 
exactly one-half of the irrigated acreage is devoted to each class into 


_ which the crops of the investigation have been divided. (See also p. 


uae 
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53.) As these were comparatively old, well-developed projects, and 
normal in every way, there is good reason to believe that the acreages 
of the different crops on other projects will bear practically the same 
relationship to one another in the future. If this is the case, and 
the normal project of the West is ultimately devoted to approximately 
equal acreages of (1) sprmg and winter grains, root crops, and 
orcHards, and (2) alfalfa, clover, pastures, and crops requiring simi- 
lar quantities of water, the requirements of the projects as a whole 
will be found by averaging the requirements of the two classes of 
crops. This has been done in Table XVII, each line of the table repre- 
senting the requirement of one class during a single year of the investi- 
gation. The average given in the table therefore shows the combined 
requirements during each month of the irrigation season for the two 
classes of crops during the four years of the investigation, the process 
of averaging having neutralized and offset the eccentricities of irri- 
gators and. the individual differences of the seasons, stand of crop, 
soils, and plots included in the investigation. : 


TaBLE X VII.—Average depths of water applied to 171 selected fields of grain and alfalfa 
on medium clay and sandy loam soils. 


[Altitudes ranging from 2,400 to 5,000 feet.] 


Depth of water applied. 


Num- ; Total 


Crop. Season.| ber of April— | September—| for 

plots. Au- season. 
May. | June.} July. cust 
1-15 | 16-30 1-15 | 16-30 

Foot.| Foot. | Foot.| Foot.| Foot.| Foot.| Foot.| Feet Feet 
TAA ite See eee eee nee 1910 15 | 0.06 0:02) |) 10555,| 005745 (Or Gon Os6L WOSO%] pean =e 2.70 
Grane ae 3 SR ees 1910 Ss | ee see -32 60 55 OSA IS Rees ea eee BGS) 
AN fAliga! Bere See Seen ee 1911 1B Sal Sarcects . 04 -49 29 9i 70 PSY |e te 2.68 
Gralnses as eee ee eee 1911 BOG Ree Eee 03 65 48 Oli Eee ees: I il7/ 
ANN DE Bt Sees tive Biases 1912 ee ae eee 49 50 62 61 OANESSe2 =. 2.26 
Gramm sereteeae eee 1912 20) |oasees losses se |poeeee 94 66 (Uys eae Sea 1.65 
tA fa liao ss. ete sed 1913 Sol ee | neers - 86 23 74 -39 (022 Soeemes 2.24 
Grain teak. ee ee 1913 BE iil escstee -04 Ar .54 .59 QO ll Sais sees | ee ete 1.61 
AS SMEOs oo 555252-- epee ces mes 01> 400) S375| ee SOulenGoe iescsaleek 04a | eee 1.98 
Percent of total sss ahaa eee eee a5) BES sah |Pswea Pat Ue? PLU) -loe ec eeeseen 
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Table XVII is a general average of the results which have been 
secured on the average soil of southern Idaho during the entire four 
years’ investigation, after eliminating the results secured from all 
tracts whose yield was reduced by excessive or insufficient applica- 
tion, and is considered by far the most important table included 
in this report. The facts given in the table are shown graph- 
ically in figure 9. It is in reality the meat, or final result, of the 
entire four years’ study of water mvestigation, and as the soil in 
question is an average of that which is, or will be, mcluded in’ at 
least 75 per cent of Idaho’s irrigation projects, and probably of as 
large a per cent of the projects in many other States, it is believed 
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that this table may be used far more than the corresponding one 
(Table XVIII), which shows the average volumes of water applied to 
porous soils. As has been stated elsewhere in this report, the irri- 
gation requirements of any particular crop on any soil are influenced 
by many factors and will be found to vary on different farms and 
oe . . . . 

during different years, but as this table includes the results of 171 

DS ) 
selected tracts of this particular type of soil, covering a period of 
p) 5D 

four years, thus effectually neutralizing the individual differences of 
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Fig. 9.—Amounts of water required each month of the irrigation season by an Idaho project devoted 
to equal areas of grain and hay on medium clay loam or sandy loam soil. 


the seasons, of irrigators, and of the tracts themselves, it is consid- 
ered that the results will be found to be very dependable 

Keeping in mind that the table shows averages only, and that 
individual crops, farms, projects, and seasons are bound to depart 
from the average, the table shows that a project devoted to equal 
areas of (1) grain, orchards, and general root crops, and (2) hay, 
including alfalfa, clover, timothy, and pasture, on average southern 
Idaho oil should Fonisls sufficient water so that an average of 2 feet 
can be retained on each and every irrigated acre during the season. 
Of this quantity, which is exclusive of the precipitation, 0.01 foot in 
depth, or 0.5 per cent, will be required during the first half of April; 
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0.01 foot in depth, or 0.5 per cent, will be required in the last half of 
April; 0.37 foot in depth, or 18.7 per cent, during May; 0.56 foot in 
depth, or 28.3 per cent, during June; 0.65 foot in depth, or 32.8 per 
cent, during July; 0.34 foot in depth, or 17.2 per cent, during August; 
and 0.04 moet in depth, or 2 per cent. during the first half of September, 
making a total of 1.98 acre-feet. 

The above estimates are based strictly upon the crop needs, as 
shown by the 1rigation-requirement investigation, and include noth- 
ing for stock water or that which may be required for domestic pur- 
poses, nor is there any included for waste from the fields or for late 
fall or winter irrigation. If the data in this table are to be used in 
allotting water to an irrigation project, and if the water is to be used 
for the Shomementionedl DE posts, these factors must be taken into 
consideration. 

Table XVIII shows that there is small need for water earlier than 
May or later than August and that with all of the tracts considered 
there has been no aed for water during the four years of the investi- 
gation by either alfalfa or grain during he last half of September. It 
shows also that over 60 per cent of the total water required during 
the season is required in the 61-day period covering June and July. 
The table will be found useful to those called upon to design storage 
projects, as a variety of curves can be worked up from it, which, 
taken in connection with the hydrograph of the discharge of the 
stream from which the supply is to be derived, will show how much 
of the water it will be necessary to store. 

It also will be helpful in the designing of pumping plants, and par- 
ticularly in determining the size of the various pumping units that 
should be installed. The table shows that any large pumping plant 
should consist of more than one unit, and possibly as many as three 
or four, for a unit that could economically supply the maximum 
demand during June and July could not possibly be operated economi- 
cally with the decreased demands of May and August. This feature 
must always be given consideration. 

The table seems to prove conclusively that the uniform continuous- 
flow method of delivery is exceedingly wasteful, for if a right called 
for a uniform continuous flow throughout the season with an allot- 
ment per acre of sufficient size to deliver the required amount during 
June and July, a large proportion of the quantity delivered could not 
be used economically and would be wasted during April, May, August, - 
and September. While on the other hand, if the uniform continu- 
ous flow were of the size required to deliver the 2 acré-feet required 
during a six-months’ or even a four-months’ irrigation season, there 
still would be more water than is actually required during the early 
and late parts of the season and less than is actually required during 
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the months of June and July. Many instances have come to the 
attention of the writer where the advocates of a high duty have over- 
looked the unequal requirements of the different months of the season, 
and it is desired to emphasize the fact that this must not be ignored 
if the best use of the water is to be secured. 

Table XVIII gives a general summary of the results that have been 
obtained upon porous, sandy, and gravelly soils. This table has 
been constructed by averaging the requirements:of grain and alfalfa 
on these soils during the first two years of the investigation in the 
same manner used with the clay soils, there not having been a sufficient 
number of tracts of this type of soil experimented upon during the 
last two years of the investigation to be included in such a summary 
table. 


Taste XVIII.—Average depths of water applied to 21 selected fields of grain and alfalfa 
on porous, sandy, and gravelly soils. 


[Altitudes ranging from 2,600 to 5,800 feet.] 


Depth of water applied. 


Num- | Total 
Crop. Season. Pe of April— September— | for 
plots. Au- season. 
May. |June. | July. piisba| AR co 
1-15 | 16-80 1-15 | 16-30 


Feet. | Feet. | Feet.| Feet.| Feet.| Feet.| Feet.| Feet. Feet. 
0 Z 


[GS ae. Bee Sane ae 1910 Tal eee | OsBB |] Wow WG || OS pat 1 oesoeelssca cece 6.43 

(Cine Ss Sa 1910 LOY Sees error ce oO || Wo GB |} 0813 || 2 soelecsncuse 2.49 

EA TWENUES 3 age ee ae me 1911 (3) eee TG} || oP} |) GSE || WWD |) DO || W328 5 ne one 6.58 
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Table XVIII shows that porous soils require a larger supply of 
water for their efficient irrigation than the medium soils, the exact 
quantity required being governed by the porosity of the soil, the 
method of preparation, and the skill used in the application of the 
water. The results shown in this table indicate that an application of 
4.6 feet to the acre per annum will be required for this type of soil, 
of which 3.9 per cent will be required during the last half of April; 
11.3 per cent during the month of May; 30 per cent during June; 26 
per cent during July; 25.6 per cent during August; and 1.3 per cent 
during the first half of September. 


SURFACE WASTE. 


The measurements just given do not include waste from irrigated 
lands. In the variation experiments the waste from the various 
plots was measured, with the results shown in Table XIX. 
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TABLE XIX.—Percentage of total supply wasted from surface. 


Percentage of waste. 
: Number of : =a 
Crop. . Class of soil. irrigations. 

Maximum.| Minimum. | Average. 

Per cent. Per cent. | Per cent. 
pA Talia eee Clary loan ase eerie ee a oe 302 55.7 0.0 oan 
Aubele oe see eer Onesie ae oleh enass sea 291 83.3 0.0 25.3 
Alfalfa... -- Gravelliye. Saaee sean oct he he ete we ee 147 24.8 0.0 1.8 
Grainas2. Sa|ee r= OMe ie ce Res Ee ery Mae ea tase 5 AG 122 31.4 0.0 2.3 


Table XIX shows that over one-half of the water applied to grain 
and alfalfa upon clay loam soils is sometimes wasted, and that the 
average waste of the total quantity applied was 25.3 per cent for 
grain and 19.1 per cent for alfalfa. The above figures are based on 
the results from single fields, however, and irrigators should not be 
allowed to waste this percentage from their entire holdings. Irri- 
gated farms should be so laid out that as much as possible of the 
waste water may be caught up and used over again on one or more 
fields before it is finally allowed to be wasted from the farm. It is 
safe to assume that the average farm could be so laid out that the 
water would not waste directly off the farm from over one-fourth 
its area. Rather steep farms, however, of small area, would suffer 
a larger waste than large farms or those with flatter slopes. Under 
normal Idaho conditions it is believed that all water contracts should 
provide for a sufficient delivery over and above the actual water 
requirements of the soils and crops so that the irrigator could waste 
between 7.5 and 12.5 per cent of the quantity delivered to him and 
still retain sufficient for his crop needs. The fact that present 
economic conditions will not justify a farmer in eliminating all waste 
must not be overlooked when designing new projects, and the con- 
tracts should provide for a delivery somewhat in excess of the actual 
needs of the soil and crops. This is not a serious factor when a 
project as a whole is considered, for at least one-half of the quantity 
wasted by the individual farmer can usually be caught up and 
measured out to other consumers. 


DEEP PERCOLATION WASTE. 


That crops do not and can not utilize at the most more than 2.5 
acre-feet per annum and that they probably utilize and transpire 
far less than this'amount has been proved by the many large yields 
that have been made in the Idaho investigation with comparatively 
small supplies of water, and may also be seen fronmy the curves in 
figures 3 and 4. Much of the water applied in excess of 2 to 24 feet 
per acre in any region is lost through evaporation, surface waste, or 
deep percolation. With the more porous soils the loss from deep 
percolation beyond the reach of the plant roots is the greatest source 
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of waste from the fields, as well as the hardest one to overcome. 
That large losses are experienced from this source is proved by the 
fact that the ground water under almost all irrigated projects rises 
rapidly, the rise being either a seasonal or a permanent one. Where 
excellent underdrainage exists the water level usually recedes during 
the winter or nonirrigation season, but drainage of some sort is 
ultimately found necessary in at least a portion of most projects. 
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Fic. 10.—Variation in depth to water in wells in vicinity of Rigby, Idaho. 


A typical case of the annual rise of water caused by deep percolation 
from porous irrigated land, there being excellent underdrainage 
from the land in question, is shown by the accompanying curves 
(fig. 10). These curves show the annual rise and fall of water in 13 
wells in the vicinity of Rigby, Idaho, where there are 40,000 or 50,000 
acres of porous irrigated land upon which large quantities of water 
are applied. 

In order to demonstrate that.a very large part of the irrigation 
water used in this locality was being lost by deep percolation, and to 
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show that light but rather frequent applications would give good 
results with these soils and that the application of water in this 
manner would result in a great saving of water, an experiment was 
carried on that it is ‘lieved has’ detente these fe in a satis- 
factory manner. 

A water-tight galyanized-iron tank, oe in diameter and 6 feet 
deep, with an outlet at the bottom terminating in a three-fourths inch 
galyanized-iron pipe 10 feet long, was installed in the soil flush with 
the surface of the ground. This tank was filled with 6 feet of soil in 
as near its original position as possible, three bands of hot asphaltum 
1 foot wide were painted around the inside of the tank at 1-foot inter- 
vals to prevent percolation between the soil and the inside of the tank, . 
after which the tank was irrigated each time an adjoining experi- 
mental plot was irrigated by applying the same amounts to the tank 
that were applied to the plot. Whatever water percolated through 
the 6 feet of soil in the tank drained out of the outlet pipe and was 
caught in a tub in a curbed pit 10 feet away. A total of 6.6 feet in 
depth in seven irrigations was applied to the experimental tract 
handled by the owner of the land and to the tank, and a quantity 
representing an equivalent of 5.5 feet per acre, or 83.5 per cent of the — 
amount applied, percolated from the tank and was caught in the tub — 
in the curbed pit, yet alfalfa which was planted on the tank when 
the experiment was started grew luxuriantly, demonstrating that the 
supply retained in the tank was adequate for the proper growth of the 
alfalfa. It was found that the tank durmg the season retained an ~ 
average in its 6 feet of soil of 0.15 foot of water per acre for each 
application, and the experiment was continued during the following 
year, that of 1912, by irrigating the alfalfa in the tank whenever it — 
appeared to require irrigation with 0.15 foot in depth at each appli- — 
cation, no limit having been placed on the number of irrigations that — 
were to be applied to the tank. It was found that the alfalfa in the 
tank required 10 irrigations during the season, and that there was 
but a trace of percolation from the tank. The alfalfa grown on the 
tank was cut, cured, and carefully weighed, and produced at the rate ~ 
. of 7.147 tons per acre, with an equivalent of 1.5 feet of water per acre — 
plus a precipitation during the growing season of 8.51 inches. While © 
this experiment was not conducted upon a scale broad enough to ~ 
demonstrate the feasibility of this small amount of irrigation on large 
tracts or that this volume would produce the same comparative yield 
on them, it is believed, after taking mto consideration the other 
observations, that it has been demonstrated that porous soils actually 
require but a very small supply at each application. 

The securing of similar results from a practical application of the — 
experiment just described requires a careful adaptation of methods 
of applying water to the types of soil to be irrigated. If an irrigation — 
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system can be devised that will evenly apply a small quantity at each 


“irrigation, porous soils can be irrigated and made to produce successful 


crops with no more water than is required for the irrigation-of the 
medium or rather impervious soils. 


NUMBER OF IRRIGATIONS TO APPLY. 


The number of irrigations required during the season is dependent 
upon the soil, climate, and class of crop. Other things being equal, 
porous soils which have a low water-holding capacity and the very 
impervious soils which absorb only small quantities at each appli- 
cation, will require irrigation oftener than soils of the medium types. 
Alfalfa and pasture grow throughout a longer season than the grains 
and consequently require more irrigations. The number of irriga- 
tions required during the season may vary from 1 on winter grain in 
the high altitudes of Montana to as many as 20 on alfalfa in southern 
California and Arizona, if the same be planted on porous soils. The 
number of irrigations required under conditions similar to those of 
Idaho is approximately three for grain and five for alfalfa. The 
average number applied in this investigation on all types of soils was 
3.1 for all grains and 5.4 for alfalfa. Clean-cultivated orchards on 
deep soils of medium texture will seldom require more than two or 
three irrigations per annum. A safe rule to follow for hay and 
pasture grasses is to apply a sufficient number of light irrigations 
during the season so that plants will not wilt for lack of water. 


PROPER QUANTITY OF WATER TO APPLY AT EACH IRRIGATION. 


A study of the tables included in this report shows that the volumes 
of water which have been applied to the various tracts at each irriga- 
tion have varied widely. It is not uncommon to find soils which are 
so impervious that they will absorb barely 0.1 to 0.15 foot in depth 
at each irrigation, or soils so porous that they can be made to absorb 
1 to 3 feetin depth. The investigation has made it plain that a depth 
of 0.1 to 0.2 foot for one irrigation is insufficient if economy of water 
is desired, for the moisture forced into the soil does not last long 
enough, thus necessitating too many irrigations during the season. 
An unavoidable loss from evaporation invariably occurs during and 
immediately after each irrigation, and it is therefore desirable to 
apply as few irrigations during the season as will be required to main- 
tain a sufficiently high moisture content in the soil for good plant 
growth. The investigation indicates that, generally speaking, from 
3 to 6 acre-inches at one application is the correct quantity to apply 
and that impervious soils should be so manipulated that they can be 
made to absorb at least the smaller amount, while the porous soils 
should be so handled by using large irrigation heads that they can be 
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irrigated with not over 6 acre-inches at one application if economy of 
water is desired. It is hardly considered that it will ever be practical 
for the farmer to predetermine just how much should be applied at 
each irrigation and then apply this quantity and no more, but it is 
believed that intelligent and economical practice demands at least an 
approximate knowledge of the volume that is being applied. The 
facet that a head of 1 cubic foot per second delivers almost exactly 1 
acre-inch per hour should make it comparatively easy for an irrigator 
to determine at least approximately how much water he applies to 


his land. 
LENGTH OF IRRIGATION SEASON. 


The length of the season during which crops require water depends 
upon both the climate and the crops grown. Grains require water 
for only a comparatively short season, winter grains frequently re- 
quiring but one irrigation, while alfalfa and pasture grasses require 
irrigation from early spring until late fall. The climatic conditions, 
with particular reference to the temperature, which determines the 
length of the growing season, have a very direct influence upon the 
length of the irrigation season, since the grass crops, provided an 
abnormal amount of natural precipitation does not occur, will require 
water for as long as the climate will permit them to grow. The 
length of the irrigation season in Idaho has been carefully determined 
by the investigation and is shown for the different crops by Table 
XX. 


TABLE XX.—Average length of irrigation season of plots included in the 4 years’ 


investigation. 
Total | : Average dates of 
seo lan Average | Number | Average Ceres irrigation. 
Cro Year. | of plots | MUmber | having 1 | length of | jeneth of 
Ig ; Can ae of irriga- jirrigation irrigation an Eton } 
lead tions. only. season.! Beare First ir- | Last ir- 
; * | rigation. | rigation. 
Days. Days 
Grainseea pees eee sense 1910 76 3.6 3 46. May 27 | July 12 
ae and clover. ...--- 1910 27 4.7 0 95. 4 144 | May 12 | Aug. 12 
ME ee SSE Bebe enor 1911 96 2.1 17 35.5 64 | June 13 | July 19 
Alialfa and clover...-.-- 1911 34 6.1 1 111.4 142 | May 14 Fone 2 
Grains 5s eek eee 1912 60 3.7 10 39.7 61] June 9] July 18 
Alfalfa and clover......- 1912 25 5.6 0 87.3 123 | May 23 | Aug. 18 
Grainses 2) seek. eee ee 1913 66 3.1 8 48. 9 110 | June 5 | Aug. 20 
Alfalfa and clover.....-- 1913 15 5.1 0 96.5 119 | May 16 0 


1 Exclusive of plots having one irrigation only. 


Average length of irrigation season for alfalia for 4 years was 97.6 days. 
Average length of irrigation season for grain for 4 years was 42.5 days. 


SIZE OF IRRIGATION HEAD. ~ 


The size of the irrigation head used, particularly with the porous 
soils, has a great effect upon the irrigation requirements. It is a fact 
well known to irrigators who are accustomed to handling porous soils 
that very little can be accomplished with small heads of water for 
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he reason that the water is absorbed so rapidly that it can not be 
yxrced over the field. Where water can be conducted in pipes or 
umes to within 100 or 200 feet of the farthest part of the field to 
hich it is to be applied, a method common among southern Cali- 
yrnia orange growers, large heads are not necessary, but where sur- 
vce irrigation is practised on large field units of porous or semiporous 
nil, the use of large heads is imperative if economy of water is to be 
xcured. The lack of efficiency of small irrigation heads was shown 
y several of the experiments which were included in the investiga- 
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@=Soil more moist than normal prior to these irrigations. 
Fig. 11.—Effect of size of irrigation head upon amount required per application, based upon results of 
an experiment upon 4.3 acres of porous gravelly loam soil in Boise Valley planted to pasture. 

ion. The average size of the irrigation head which is used for nearly 
ll purposes in the larger portion of Idaho seldom exceeds 1 to 2 
econd-feet, yet the use of heads three or four times this size would 
ive a much higher efficiency, particularly if the soil is inclined to be 
t all porous. With rather impervious soils there is not such a loss 
1 efficiency. The smaller the size of the head and the greater the 
istance water is run the larger the irrigation requirement. The - 
ccompanying curve (fig. 11) based on an experiment conducted by 
V.G. Steward, of the Boise project, United States Reclamation Serv- 
se, clearly indicates the saving that may be made by using large 
eads for the irrigation of porous soils. 
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LENGTH OF RUN. 


Water never should be flooded too far between cross ditches on any 
crop or on any class of soil. An even application of water to all parts 
of a field is highly desirable but is very difficult to secure even with 
the best of systems in use. Where water is run too far between 
cross ditches there is either oversaturation and deep percolation loss 
or the upper end near the supply ditch, or insufficient absorption at 
the lower end near the waste ditch. This is particularly true with 
soils which absorb water readily. Other things being equal, water 
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Fig. 12.—Effect of length of run upon amount required perapplication. (Based upon results from 20 
different plots of porous soil.) 


should be flooded shorter distances on porous soils than on the more 
impervious soils. Experiments conducted upon 20 plots of very por- 
ous soil in the vicinity of Rigby, Idaho, have demonstrated that a 
very great saving of water may be made by flooding shorter distances 
than is usual, and it is thought that a preparation of the land mto 
narrower, shorter borders, and the use of larger heads would have 
resulted in a still greater saving. The curve in figure 12 is self- 
explanatory and clearly illustrates the great saving of water which 
may be made on porous soils similar to those near Rigby (PI. II, fig. 
2) by flooding water shorter distances. 
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FALL PLOWING. 


An experiment was carried on at the Gooding experiment station 


- to determine the effect of fall versus spring plowing on the duty of 
_ water and yield produced, with the results that are shown in Table 


XXI. 
TABLE XXI.—Results of fall versus spring plowing, Gooding experiment station. 
Yield of grain. 
os Yai er W gent 
m “ applied s 2 
lot | Area. Treatment of subplot. a Per |} grain 
0. sacs Per | acre- | per 
‘ acre. | foot of | bushel. 
water. 
Acre- 
Acre. - Scet. Bush. | Bush. |Pounds. 
1 0.314 | Fall plowed, minimum irrigation.........-..-.-....--.- 0.376 | 41.18] 109.5 38 
2 .315 | Spring plowed, minimum irrigation..........-.---.---- .376 | 32.88 87.5 38 
3 .314 | Fall plowed, average irrigation....-...........--.-.---- -962 | 43.65 45.5 41 
4 .314 | Spring plowed, average irrigation.........-----------.-- | el || Bae 41.4 41 
5 .304 | Fall plowed, maximum irrigation......----..--- a eee 1.533 | 47.54 31.0 42 
6 .305 | Spring plowed, maximum irrigation............-...---- 1.533 | 45.26 29.5 42 


A study of Table XXI makes it apparent that too much emphasis 


ean hardly be placed on the many advantages of fall plowing. 


_ MEASUREMENT OF WATER USED ON FARMS AND UNDER COMPLETE 


CANAL SYSTEMS. 


It is believed that the supply of water has been varied upon a 


sufficient number of tracts in this investigation and that the in- 
_ vestigation has covered a sufficient number of seasons to furnish a 
_ correct idea of the irrigation requirements of the soils and crops in- 
cluded, but as an investigation of this sort alone furnishes no in- 


formation (i) of the water required for domestic purposes, (2) of the 


transmission losses and other general wastes, or (3) of the average 
use of water on typical Idaho farms when such use is unrestricted, it 
was thought best to investigate also the use of water both upon 
_ typical farms and under complete canal systems of the State. The 
_ imvestigation was therefore extended so as to include a careful 


measurement of the quantities used by a large number of typical 


_ farmers and by seven complete canal systems in 1911 and eight com- 
plete canal systems in 1912. 


The water used on the farms investigated was measured by auto- 
matic water registers which were installed on weirs in the feed ditches 
leading to the tracts or farms in question. The type of water registers 


_ used and the method of their installation in connection with the weirs 


are shown in Plate ITI, figure 1. 
The volume of water diverted and used by the canal systems was 


determined by daily gage readings and a large number of current- 
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meter determinations at the head of the main canal of each system 
(PI. ILI, fig. 2). The gages were read by men employed for the pur- 
pose, and the discharge curves were based in each case upon 20 to 
30 current-meter ratings which were made during the season at each 
station by two to six hydrographers with different meters. The areas 
irrigated under each system and the crops. that were grown were 
determined by a house-to-house canvass of each farm. 


BOISE VALLEY FARMS. 


The quantity of water delivered to a total of 428.64 acres on 16 
farms in the Boise Valley was determined during the season of 1912. 
The farms included were located in the heart of the valley, near 
Meridian, and represented typical Boise Valley conditions,.and the 
average use of water at the individual farmer’s head gates in the dis- 
trict during the season was found to be 2.56 feet per acre, the quantity 
wasted not having been deducted. Of the 428.64 acres included, 
144.84 acres were devoted to alfalfa, pasture, and other hay grasses, 
the remainder to grains, potatoes, and orchards. The soil of tHe 
district is nearly uniform and consists of a clay loam 3 to 8 feet in 
depth, underlain with a rather compact gravel. The water for irriga- 
tion purposes in the above district is used with more than the average 
care, and the use of water shown by the measurements corresponds 
very closely with the requirements shown by the variation experi- 
ments. . 

SALMON RIVER PROJECT FARMS. 

The water applied to a total of 978.22 acres on 12 farms of the 
Salmon River project Was measured during the season of 1913, the 
area involved having all been determined by transit surveys. The 
soil of the district is a clay loam 2 to 6 feet in depth underlain by lava 
rock. The total area involved consisted of 200.73 acres of hay and 
pasture grasses, and 777.49 acres of grain, potatoes, and orchards, and 
the use of water by the farmers varied from 0.77 to 5.30 acre-feet 
and averaged 2.08 acre-feet for the entire area. This was the first 
year some of this land had been irrigated, and it is believed the 2.08 
acre-feet, with one or two exceptions, represented the average use 
of water on the entire project at that time. The quantities wasted 
from these tracts were not measured. 


WATER DIVERTED BY TYPICAL CANAL SYSTEMS. 


The canal systems investigated in order to determine their head- 
gate diversions consisted of the Riverside, Farmers’ Cooperative, 
Farmers’ Union, Settlers’, Boise Valley, Pioneer, and Eureka, typical 
canals of the Boise Valley; the Randall Canal, and the Clark and 
Edwards in the Upper Snake River Valley; cnt the South. Side 
Twin Falls Canal, which irrigates approximately 200,000 acres on the 
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Fic. 1.—TYPE OF WATER REGISTER USED IN THE IDAHO INVESTIGATION, SHOWING THE 
METHOD OF INSTALLATION. 


Fia. 2.—METHOD OF RATING LARGE CANALS. 
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‘south side of Snake River in Twin Falls County. Of the Boise 
_ Valley canals the Riverside, Farmers’ Cooperative, Farmers’ Union, 
| and Settlers’ irrigate clay loam bench soils almost exclusively, while 
the Boise Valley, Pioneer, and Eureka irrigate the more porous 
sandy loam and gravelly bottom soils. The ground water usually 
lies rather close to the surface under the lands irrigated by the 
bottom canals. The Randall and the Clark and Edwards canals 
irrigate very gravelly soil in the upper Snake River Valley, the gravel 
being of a very porous nature to a depth of at least 80 feet, at which 
- depth the ground water is found. The South Side Twin Falls Canal 
_ irrigates approximately 200,000 acres of gently rolling clay loam soils 
with an average slope of about 50 feet per mile, the soil underlain 
with lava rock and ranging from 2 to 40 feet in depth, with a probable 
average of 8 feet. The data secured from these canal systems during 
the Idaho investigation are shown in a condensed form in tables 
~ XXTI and XXIII, which follow. The volumes diverted by the canals 
during the season of 1911 were measured by W. G. Steward, of the 
‘United States Reclamation Service, and the remainder of the data 
was secured by our own assistants. 

Table XXII shows areas devoted to different crops under the 
canals investigated: 


ay 


Taste X XII.—Acreage devoted to different crops, and percentage of areas actually wrri- 
i on gated under ten different canals. 


Hay. Pasture. Grain. Orchard.! 
a Name ofcanal. | Year. z = a _ Total. 
er er er er 
Acres. eau. Acres. amt Acres. aarat. Acres. @aiaii- 
A gS AE ia SS ES | Cee (I A | | 
: Riverside. ........ 1911 | 4,059.00 | 54.7 175.25 | 2.4 911.00 | 12.2 | 2,280.25 | 30.7 | 7,425.50 
DO aaa 1912 | 3,455.75 | 50.1 627.25 | 9.1] 1,360.00 | 19.7 | 1,455.50 | 21.1 | 6,898.50 
_ __ Farmers’ Coopera- 
LAG Joe aah 1911 | 5,526.75 | 44.4 | 1,626.00 | 13.1! 2,043.50 | 16.4 | 3,239.00 | 26.1 | 12,435.25 
| | pe 1912 | 4,890.00 | 37.4 | 2,289.50 | 17.5 | 2,354.25 | 18.0 | 3,528.66 | 27.1 | 13,062. 41 
| a Farmers’ Union...| 1911 | 3,339.44 | 48.8 | 1,171.94 | 17.1] 1,526.94 | 22.3 804.38 | 11.8 | 6,842.70 
Does 34a 1912 | 3,045.35 | 42.6 | 1,534.74 | 21.5 | 1,737.00 | 24.3 827.33 | 11.6 | 7,144.42 
1) Bettlers’.-.. 2.2... 1911 4 385.25 | 37.1 | 2,157.25 | 18.2 a 686. 50 | 31.2 |. 1,590.80 | 13.5 | 11,819.80 
D0) ae 1912 4 490.25 | 38.2 | 1,848.20 | 15.7 3, 294.75 | 28.0 | 2,121.80 | 18.1 ie 755. 00 
Boise Valley jae 1911 "332.25 | 14.9 1,189.09 | 53.4 "277.80 | 12.5 426.35 | 19.2 22 225. 49 
1 Do. See 1912 267.00 | 11.7 ; 1,222.50 | 53.4 336.00 | 14.7 461.50 | 20.2 | 2,287.00 
jemerreka....--......) 1911 369.00 | 17.9 | 1,138.75 | 55.2 505.00 | 24.5 49.25 | 2.4| 2°062.00 
one a T911 115.25 | 10.2 667.67 | 59.3 197.90 | 17.6 145.72 | 12.9 |- 1,126.54 
1D). 445 or 1912 132.50 | 11.5 689.32 | 60.0 166.75 | 14.5 160.17 | 14.0 | 1,148.74 
Randall.........>.| 1912 | 1,193.50 | 36.6 207.50 | 6.4} 1,145.00 | 35.2 709.00 | 21.8 | 3,255.00 
Clark and Edwards} 1912 570.00 | 41.9 97.00 | 7.1 463.50 | 34.0 232.00 | 17.0 | 1,362.50 
South Side Twin 
1 1912 | 59,229.00 | 40.2 |10,094.00 | 6.8 | 56,379.00 | 38.3 |21,607.00 | 14.7 |147,309.00 
bi 1913 | 54,903.00 | 36.8 |12,212.00 | 8.2 | 60,805.00 | 40.7 |21,391.00 | 14.3 |149,311.00 
} DOW aee Aas 150, 303. 29 |...... 38, 947.96 |...-.-- 610297 eo. a 387, 470. 85 
Average per 
a Cait Jae aid Bae eee Bisktelt| See eee 10.1 \ gee USS 7h 100. 00 


= 1 Includes small fruits, garden, potatoes, and home grounds. 


_ Table XXII includes no uncleared land, but only the areas actually 

| i mrigated under each canal system sreeuneniedl and shows that 38.8 

_ per cent of the area was devoted to hay, 10.1 per cent to pasture, 
- 35. 4 per cent to grain, and 15.7 per cent to orchard and miscellaneous 
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crops. The table confirms the conclusion reached from Table X, 
that normal projects are about equally divided between (1) hay and 
pasture and (2) grain and other miscellaneous crops. 

The number of acre-feet diverted each month by each system was 
determined and computed, and Table XXIII shows the number of 
acre-feet diverted for each acre irrigated during each month of each 
season. 


TABLE XXITI.—Quantity of water diverted for each acre irrigated during each month of 
irrigation season for ten different canals. 


Acre-feet diverted for each acre irrigated. 
Name of canal. Year.| April— Sep October— | Total. 
May.|June.|July.| A“ | tem- 
gust. | hor 
1-15 | 16-30 1-15 | 16-31 

FRAVerSIC Csa eee ee ee Eee eee 1911 | 0.08 | 0.43 | 1.40 | 1.46 | 1.54 | 0.79 | 0.79 | 0.50 | 0.15 7.14 
C)SMereneEity Bc naRe ane aes 1912))) 11 | 63 | 274 | 198") 299) | 19) 289) 262) "200 9. 49 
Farmers’ cooperative ..-..---.-- 1911 | .04) .38) 1.31 | 1.36) 1:16 44) .36 28 19 5. 52 
Ont a Seen ns Ser Seen ee 1912} .00] .08} 1.07 | 1.26 94) .58] .56 17 10} »« 4.76 
Hapaterss Up OTe eee ee 1911 | .14) .48] 1.25) 1.41] 1.25) .55) .45 13 00 5. 66 
Ae ee es ee dt ae 1912) |) 325) |= 268s | eS 2e ea 23a ee 0/e osm meee 00 00 5. 53 
settlers Biche mae eee eee 1911 | 504) .16 |) 425) 2372 71 46 42 il 00 3. 04 
Bea sats cee Soe eee rem 1912 00} .O01] .49] .69 70 54 34 10 00 2. 87 
Boise Valley ie te crates Seo a ae 1911 14 e204) 63 - 59 64 42 30 12 00 3.11 
Beagle nee OER Rees 1912 00; .00) .46) .50 68 38 37 | .00 00 2.39 
Eowate Tas i Ak Ns bray ee hg aks 1911 00 Ose sasis) | 235) |) oak! 35 34 03 02 1. 84 
IPIOMEC ESSA t ee scree eer Cees 1911 iil 40} .91 .97 | 1.09) 1.01 83 12 00 5. 44 
CN paling = sneer arate 1912} .14 00 | 1.12 | 1.62 | 1.03 98 82} .31 00 6. 02 
vand alles ks eas ee 1912 00 00 00 | 1.58 | 2.25 | 1.99 81 ~25 00 6. 88 
Clark and Wdwards ..:......... 1912 00 00 31 | 2.59 | 3.00 | 2.67 | 2.04 | .34 00 10. 95 
South Side Twin Falls..._.....- UGA Oj) seek) 30) |] 1, |) 152) |) al, Ws} 61 | .22 16 5. 29 
TD) Oe ace aa cs eee Pees Igy SOB) |) Sail |} 583 a 1 |) 25) )) il al 73 | .20 17 5. 71 
Average formonth. ...-25|-/2.2- S082 222) S45 eT 23a ee OO em Orel On ers Op 5. 39 

Per cent of season’s diver- 
SI QU 2575 rees Bases eet a0 eee oe 1.49 | 4.08 }15.6 |22.43 |22. 83 |16.5 |12.43 | 3.71 . 93 100. 00 


The investigation has demonstrated the adequacy of 2 acre-feet 
(p. 32) for diversified crops on clay loam soils, provided there is no 
waste, and the measurements of the use of water by the farmers in 
typical districts show that more than 2.5 feet per acre is seldom 
delivered to or used upon the land. The quantities diverted by the 
above projects, however, which represent the normal use in Idaho, 
show that they divert much more than is required for the crops on 
the farm. A comparison of these diversions with the quantities 
required and used on the farms would indicate (1) that water is 
wasted by the canal systems both early and late in the season; (2) 
that a considerable supply is required for domestic purposes and stock 
water; and (3) that the losses from seepage and evaporation in trans- 
mission, and from careless use, must be far larger than many have 
realized. The quantities shown as having been diverted per acre in 
the preceding tables are known to be very nearly accurate, and, con- 
sidering the fact that it has been found necessary to divert these 
quantities under normal Idaho conditions, these data must be given 
careful consideration when ae ele with - scanty water 
supplies: ~--- vrais a em tL ct ae 
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SEEPAGE INVESTIGATION. 


The losses to which the waters of an irrigation project are subject 
in passing from the point of diversion to the land to be irrigated 
have not always been given sufficient consideration in the designing 
of projects. It became evident early in the investigation that the 
losses to which canals in different types of soil are subjected should be 
“measured in order to determine how much water should be diverted 
to deliver the quantity required. During the years 1912 and 1913, 
: 118 sections of Idaho canals were measured for the determination of 
the seepage losses. These canals varied in discharge from 0.07 cubic 
foot per second to over 3,190 cubic feet per second, and in cross 
section from 0.117 square foot to 984 square feet. <A total of 287.31 
linear miles was included, covering all of the common soil types of 
Idaho, and it is believed sufficient data have been secured to furnish 
a substantial basis for estimating the losses to which the canals of 
this State will be subject. 


METHOD OF INVESTIGATION. 


All canals included in. the investigation with a discharge of 3 
second-feet and less were measured with Cipolletti weirs installed 
at the upper and lower ends of each section. The head on these weirs 
was read to the nearest 0.001 foot with small inexpensive hook 
gages that were especially designed for the purpose. All canals with 
a greater discharge than 3 second-feet were measured with current 
meters. The 0.2, 0.6, and 0.8, or 3-point, method of measurement 
was used in all cases where the canal exceeded 1 foot in depth, and 
either the 0.6, or integration, method with the shallower canals. In 
order to eliminate errors in computation, individual characteristics 
of the meters, and personal equation of the men, every section meas- 
ured with current meters was measured by at least two hydrog- 
raphers, each with a different meter, thus furnishing a double check 
on all results. It was found that fluctuations of gage height and 
discharge were the most troublesome factor in connection with 
Seepage determinations, and the following method was used for the 
elimination of the effect of the fluctuations: 

Canals to be included in the investigation were thoroughly looked 
over before any ratings were made, and gages which could be read 
to the nearest 0.02 foot were installed approximately every 2 miles 
in the main canal and at the head of all diversions, care being used 
to pick good sections in the middle or in the lower third of as long 
a tangent as possible. Discharge curves were plotted for each sta- 
tion by using the bottom of the canal as the zero or point of no flow, 
and the point at which water stood when the measurement was made 
as the only other point that was determined for each curve, care 
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being used to make them conform as nearly as possible to standard 
curves for similar sections. After all of the measurements had been 
made, floats consisting of tightly corked bottles were dropped into 
the main canal at the upper gage, and a man proceeded down with 
them, reading each gage in the main canal and at the head of all 
diversions at the time the floats passed. Other men with more floats 
followed the first ones at 2 to 3 hour intervals during the day. The 
discharges at the different stations and the consequent seepage losses 
between were determined from the gage heights at the time the 
floats passed, thus minimizing error from fluctuations in gage 
height. This method compares losses from the same flow or wave of 
water for a 12 or 14 hour period, and while the rating curves based 
on only two points may be shghtly maccurate, the canals were held 
quite uniform throughout the entire investigation. 

The larger canals were measured either from cars which were 
suspended from cables across the stream or from a boat especially 
fitted up for the purpose (PI. III, fig. 2). The smaller canals, where 
convenient bridges could be found, were rated from the bridges, and 
in other cases, ‘where the depth permitted, wading scents 
were made. 

There are two common methods of expressing seepage losses. One 
is per cent of flow lost per mile, and the other the number of cubic 
feet lost from each square foot of wetted canal bed in 24 hours. The 
former and older method is more readily calculated and understood, 
but since the percentage decreases rapidly as the capacity is increased, 
many prefer the use of the latter unit, as it is more constant for any 
type of soil and largely independent of the capacity of the canal. 
Table XXIV gives the results of measurements of seepage losses. 
For convenience, the losses are expressed by both methods. 


TABLE XXIV.—Seepage losses from canals. 


‘ Loss 
Aver- Dis- 
BED || cron Wet-| charge | Total Length 5 ee. 
Width) ter | ted at loss eRe Loss re ot Loss 
No.| of sur. | Per | upper in rahe per | wetted| Pe Remarks. 
water] -. im- | end of| sec- mile. mile 
face. : ob- area 
sur- eter. | sec- tion. al 24 
face. tion. SEE per 
; hours 
Square Second-| Second- Second-| Cubic | Per 
Feet.| feet. | Feet.| feet. feet. Miles. | feet feet. cent. 
iL} @).9) 0.12} 1.0 0.07 0.02 | 0.490 0.04] 0.666 57.1 | Medium clay loam. 
2) 1.0 pel On ere, 14 02 399 -05 . 684 Shin 7 Do. 
Rinlipediad! LOM ears - 20 _.04 - 700 - 06 - 623 30.0 | Deep clay loam. 
4 il) oe || ily 28 -08 - 682 12} 1.129 42.9 | Clay loam, gravel. 
1) || IIB -42 |] 1.8 -36 -08 ~379 21 1.919 58.3 Do. 
6 1.5 -48} 1.9 53 -07 714 - 10 - 844 18.9 | Clay loam, hardpan. 
Z| Us® aes} |) ale 4! 54 07 740 -10 |] 1.107 18.5 | Deep medium clay loam. 
Shiela PP) || eG 58 03 378 -08 811 13.8 | Shallow clay loam. 
97 1.8 -45 | 2.3 68 03 - 469 06 - 455 8.8 | Impervious clay loam. 
LOR eal 528i 1) Pil 80 13 528 -25 | 1.919 31.3 | Medium clay loam. 
il 1555) se) |) Ih, 7 84 03 422 -O1 659 4.3 Do. 
PAW ile 5} ~02 |) 2.2 85 12 - 435 -28 | 2.052 32.9 | Porous medium clay loam. 
13 1.3 -30 | 1.6 87 04 -573 -07 714 8.0 | Deep clay loam. 
4s e885 ol |] Bsr 99 07 519 14 - 596 14.1 | Clay loam, hardpan. 
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19.8] 28.7 
NON | tole 1 
19.5 | 33.4 
26.9 29.2 
21.7 | 39.8 
24.4] 39.8 
24.8 | 52.7 
12.5 27.6 
45.0 | 58.3 
30.0} 43.5 
14.8 30.8 
BS Shp Giaats} 
14.3 | 40.6 
De 46.5 
20.7 ot L 
23.3 46.4 
23}, Gill ISBHBS 
45.0 73.9 
17.0 42.2 
38.0 99.5 
37.0 | 94.8 
Seon || Hed 
67.5 | 116 


Dis- 
charge 
at 
upper 
end of 
sec- 
tion. 


e 
ONNIDOSCKFONWUDSDHEHNNOCHAIWSOMONNTWNUOFH DODO ONO FNP NOOWNNHOO 


Total 
loss 


SSN Emo. Sms Un 0 Sin Dieta 
Ce 


on 


SINPOOWO MPR OOwW 


is 
He SO o> 


re 


— lo | 
Re Cla ee oa NOH NINO ORS eg 
CaidelGnxical Cols BPODMH FNOOR* 


— 
= 


TaBLe XXIV.—Seepage losses from canals 


Continued. 


Loss 
Length per 
of ; square ve 
atsie Loss toot Loss , 
a per | wetted | Do Remarks. 
Ae mile. area: mile. 
served. per 24 
hours. 
Second-| Cubic ‘Per 
Miles feet. fect. cent. 
0.480 0.21 | 1.623 19.8 | Porous clay loam, hardpan. 
1.534 - 06 - 368 4.9 | Impervious clay loam. 

351 03 - 203 2.3 | Uniform clay loam. 

1. 623 - 96 .191 4.7 | Impervious clay loam. 

316 .38 | 2.390 27.0 | Porous clay loam. 

5. 254 qilil - 436 7.6 | Clay and sandy loam. 

. 553 . 24 - 986 16.2 | Clay loam, shale bottom. 

. 662 .54 | 2.225 28.3 Bay loam. 

~ 945 .28 | 1.608 14.0 | Clay loam, hardpan. 

.302 .65 | 2.742 32.5 | Limestone shale bottom. 

. 420 .24 |) 1.218 11.4 | Compact impervious clay. 

554 09 - 448 4.1 | Shallow clay loam: 

. 659 09 . 532 4.1 | Medium clay loam, hardpan. 

576 -17 - 947 7.4 | Medium clay loam. 
i776) -15 .418 3.9 | Sandy loam and gravel. 
2.020 22 .429 4.9 | Impervious clay loam. 
2. 650 -08 - 184 ihe 5) Do. 

1.980 44 - 826 8.1 | Porous clay loam. 
2.010 24 - 505 3.9 | Clay loam, compacted. 

498 1.935) 5.735 35.7 | Very porous gravel. 

. 584 49 | 2.222 13.0 Do. 

1.984 42 . 868 6.2 | Clay loam, some rock. 
3.944 .13 . 236 1.8 | Impervious clay loam. 
1. 460 . 26 - 507 3.6 | Sandy clay loam. 
1.950 09 - 183 1.2 | Shallow clay loam. 
3.010 -18 - 280 2.2 | Clay loam. 

- 520 1.64} 3.344] -18.4 | Medium gravel. 

~ 1.968 23 - 420 2.4 | Clay loam, silt. 
2.560 -07 - 109 9 Do. 
3. 000 .39 . 456 2.8 | Clay loam, rock. 
1. 790 164 |. 1.402 5.8 | Uniform clay loam. 
1. 255 12) || 25225) 10.0 | Medium gravel. 
1,309 ala |) Me NGB} 5.5 | Gravelly clay loam. 
1.97 -08 . 690 4.4 | Deep clay loam. 
2.612 1.3: 1.827 9.1 | Deep sandy loam. 
1. 780 Ate Seeodeee 5.6 | Irrigated land above. 
1, $40 -47] 1.061 2.8 | Compact clay loam. 

. 674 2.0 3.311 10.8 | Medium gravel. 

3. 680 50 - 801 2.6 | Impervious clay loam. 
4. 568 - 40 -579 2.1 | Gravelly clay loam. 

3. 812 . 60 . 876 2.8 | Clay loam, silt. 

1.830 1.37 | 1.944 6.2 | Heavy sandy clay loam. 
1.936 2.6 1.975 19.8 | Sandy loam. 

-478 2.3 2. 879 9.5 | Very gravelly. ; 
3.770 .38 . 220 1.2 | Deep clay loam, silt. 
3.171 i. bl ay 3.8 | Very gravelly. 

2. 210 2.3) 1, 234 5.3 | Hardpan, shale. 

1. 881 ~t2 . 565 asf peopel loam. 

1. 746 1.09 - 856 2.4 0. : 

3. 000 IL@O | uszaal 3.2 Do. 

3.320 ~ 72 ~ 445 1.3 | Gravelly hillside. 

4,533 1.92} 1.384 3.3 | Deep clay loam. 

3. 140 24) 1.553 3.4 | Shallow clay loam. 

4, 862 2.9 1.819 4.0 | Deep clay loam. 

1.660 stevia) oCBY 1.1 | Impervious clay loam. 

2.928 2.0 . 112 2.5 | Medium clay loam. 

3. 320 87 - 469 1.1 | Gravelly sidehill. 

1. 570 1.40] 1.317 1.5 | Uniform clay loam. 

3. 138 1.08 . 724 1.2 | Medium clay loam. 

1. 800 08 - 069 0.9 | Clay loam irrigated land. 

2.100 7 Wom eae ge 2.0 | Ground water near surface. 

2. 630 1.00 . 735 0.9 | Uniform clay loam. 

1.980 3.0 1.999 2.5 | Gravelly sidehill. 

3.140 3.9 2. 482 3.1 | Medium clay loam shale 4 
disintegrated. 

2. 930 65 . 226 0.5 | Medium clay loam. 

2. 833 28 2. 585 2.4 | Sand and gravel. 

4. 960 2.3 - 932 1.6 | Shallow clay loam. 

6. 260 .92 . 393 0.6 Do. 

3. 400 31 2. 256 2.1 | Heavy clay loam. 

13. 000 Secs as se 0.1 | Perrine coulee. 
3. 809 - 60 . 145 0.3 ! Clay loam and lava. 
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TaBLE XXIV.—Seepage losses from canals—Continued. 


i , { 
F - Loss 
Aver- Dis- 
age | Area Wet-| charge | Total Tene . es 
width ted at loss Loss | *4 Loss 
No.| of | W2%eT | per- | u per in Se er “oe er Remarks 
water? SU |\Grellenaie? | sece |) 202 | iiate. ete” errata Ss 
face b- area 
sur- eter. | sec- tion 
} face Som served. per 24 
: hours. 
| Square Second- | Second- Stecond-| Cubic Per 
Feet eh. Feet.| feet. feet. | Miles.| feet. feet. cent. 
86 | 68.1 | 125 68. 8 207 8.4 4,185 2.0 0. 480 1.0 | Clay any hardpan, lava 
rock. 
87 | 22.4 67.7 | 27.0 214 | 10.2 3. 090 3.3 2. 001 1.5 | Gravel and clay loam. 
88 | 21.3 Os || Ae 242 1.33 | 3.530 38 . 224 0.2 | Heavy gravel. 
89 | 26.4 91.6 | 31.0 243 3.6 | 1.920 1.88 - 988 0.8 | Compact clay loam. 
90 | 21.0 96.0 | 28.8 244 -13 | 3.500 . 04 . 021 0.01 | Banks sandy. ; 
91 | 21.9 | 101.4 | 30.8 260 | 10.0 2. 450 4.1 2. 048 1.6 | Very sandy sidehill. 
92 | 24.8 106 33.0 265 3.4 2. 850 1.19 . 502 0.4 Sandy loam. 
93 | 25.8 107 31.3 270 | —2.0 2.110 TO DM et are 0.4 Cement gravel. 
94 | 25.1] 118 32.8 272 6.0 2. 440 2.5 1, 227 0.9 | Sandy loam. i 
95 | 31.3 | 130 36.0 295 | 13.6 2. 260 6.0 2. 735 2.0 | Porous gravels, evidently 
seepage. 
96°) 68.0 | 159 70.5 308 8.4 3. 870 2.2 . 500 0.7 | Clay loam and lava. 
97 | 68.0 | 171 70.3 332 | 24.3 4.180 5.8 1. 353 1.7 | Clay loam, hardpan. 
a5 ae o ea 36. 5 333 | —.76} 2.620 E20 ua ey 0.1 Tmpeny igus jclay loam. 
A|| eS, |jooesoe Baa Ba DF al wavs eres ene eevee eres ae ay loam, hardpan. 
100 | 38.3 | 142° | 42.4) 420) 12.5 | 5.80/21 | 826) 0.5 | Gravel, sand, clay. * 
y BISNs Ilooocos 5 3h mihi Sela [eee ere oe er ene ay loam, hardpan. 
102 | 53.°5 | 265 | 57.0 760)\\' 4:08 |) 5201800) -01e45 |e eames 0.2 | Gain, gravel. B 
103 | 56.7 | 288 61.4 783 | 10.4 2. 260 4.6 1. 227 0.6 | Compact gravel and clay. 
104 | 53.0 | 290 58.9 788 |—12.7 2.140 559 alleys rer 0.8 | Composite clay and clay 
irrigated land above canal. 
105 | 57.0} 316 62.6 832 | 11.1 2. 060 5.4 1, 408 0.6 | Uniform clay loam. 
106 | 60.0} 319 64. 8 877 | 20.9 2.940 il 1.701 0.8 Do. 
NO PNA Sa emer aason eoacae 1,615 | 108 ByeMl) |) BIE |osecease 2.0 | Varying clay loam. 
OSH Eeseea| ae e eee 1,755 | 126 BPA SORE VNesGosos 1.4 Buelou on creviced lava 
rock. 
Se eae nec saccllaccaec 1,870 | 108 84104), 1258) a [beeen 0.7 | Coulee and ditch. 
AO eetcseell see een oo seers 1,890 | 19.2 2. 750 Te OM ose 0.4 | Gravel, sidehill. 
SIU Re ge YP) a 2)006 | 116 $790| 13) 2s eee 0.7 Clay, foam creviced lava 
rock. 
GUN a a Ie a 2,379 | 13.5 4.390 3b lee aaee 0.1 | 4eoncrete lined, $clay. 
3 ae ae 5 2 oe a3 2 350 ae 4 2. a 0.6 peer uniform clay loam. 
10 ts) 3 , 798 0) . 070 0 19 0. 2 0. 
15 107.5 | 831 114 2, poe ae 2.650 | 10.2 1. 462 0.4 a Do. 
Socal A ae Laat oe ae ; Sy eget ea eee el sao | (Seem nese all: Inv eeinionies 
117 |118.0 | 955 {128 3,097 | 148 5.050 | 29.3 3. 899 0.9. | Deep clay loam. 
118 123.0 |. 984 {129 3,192 | 167 3.350 | 49.9 6.324 |- 1.6 | Clay loam, underlain by 
creviced lava rock. 


Table XXV shows the range of the losses to which the canals were 
subject in per cent per mile and in cubic feet per square foot of wetted 
area per 24 hours. 


TABLE XXV.—Range of seepage losses from canals. 


Loss per 
square fvot 
per 24 
hours. 


Per mile. 


Per cent. | Cubic feet. 
1 


Minimum loss. 222 23.505 ees Slo Set RE ee A near 1_—5.5 

Maxim loss 252. ofa eee OSes). Sod Se cee Saye ke 58.3 6.32 

Averagedoss: (09 Sections) = a2 2 jos.cs.c 8 onde ees Seen ee ee > 7.4 1.21 
1 Gain. 


The effect of capacity and other factors upon the losses is shown by 
the curves in figure 13, which are based upon all of the data secured 
after eliminating the few sections which showed a gain. These curves 
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indicate that losses per square foot of wetted area are largely inde- 
pendent of the volume of water flowing in the canal, but that they are 
‘slightly influenced by the depth of water over the wetted area, and 
that the per cent loss per mile is greatly influenced by capacity where 
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quantities less than 200 second-feet are carried, but that with capacity 
in excess of 200 second-feet the percentage of loss is remarkably con- 
stant. Great care must be used in the designing of small canals to 
allow for a sufficiently large per cent of loss. 


Fic. 13.—Effect of capacity of canal and depth of water on loss in per cent per mile and in cubic feet per square foot of wetted area. 
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A study of the results shows, among other things: 

(1) Small laterals carrying 1 second-foot and less almost inva- 
riably lose a large part of the water carried, and the percentage of 
loss decreases rapidly as the volume carried is increased, thus empha- 
sizing the desirability of rotation systems where the necessity of 
carrying small amounts is eliminated. 

(2) Since certain types of soil have a fairly uniform loss per square 
foot of canal bed, canals should be designed, other things being 
equal, with as small a wetted perimeter as possible in comparison to 
their cross sections. 

(3) Porous irrigated land above a canal may cause it to gain 
instead of lose. 

(4) Canals in average southern Idaho soil, which is a medium clay 
loam, should be designed to withstand a loss of 0.5 to 1.5 cubic feet 
per square foot of canal bed in 24 hours; 0.5 cubic foot per square foot 
pet day is a safe basis for impervious clay loam soil, about 1 cubic: 
foot per day for medium soil, and 1.5 to 2 cubic feet per square foot 
per day is a safe basis for somewhat pervious soils. 

(5) One per cent per mile is a safe basis for the loss in medium 
southern Idaho soil with capacities in excess of 200 second-feet. 

(6) Canals in gravelly soil should be designed to withstand a loss 
of 2.5 to 5 cubic feet per square foot of canal bed in 24 hours, depend- 
ing upon the porosity of the gravel, although it is probable that lining 
would be profitable if the higher loss were experienced. The pro- 
cedure must be determined by local economic conditions. — 

(7) A project having a comparatively long main canal, constructed 
through earth and unlined, may lose from 20 to as high as 50 per 
cent of the water diverted before it reaches the farms even in the 
impervious soils. (See fig. 13.) 


SURVEY OF WASTE LAND IN IDAHO. 


Tt has long been known that not every acre of the gross area con- 
tained in a project is irrigated. Engineers, for lack of more accurate 
data, have commonly assumed that 20 per cent of a typical project 
is unirrigated because of high spots, corrals, county and private roads, 
railroad rights of way, etc. Water has been increasing in value to 
such an extent that there is a great incentive to base projects upon 
narrower margins each year, and it was evident that the above factor 
should be carefully determined in order to allow of a design that 
would not only be economical but would safeguard the future of the 
newer projects. For the purpose of determining the extent of unirri- 
gated land which exists in a high-class, mtensively cultivated project 
in any one year from all causes, 16,067.8 acres of typical irrigated 
land, located in two contiguous bodies in the best part of two typical 


IRRIGATION EXPERIMENTS IN IDAHO. 53 


irrigated districts, were surveyed. Twenty-six sections were sur- 
veyed, 20 of them being located under the old canals in the heart of 
~ the Boise Valley, in the vicinity of Meridian, and 6 sections in the 
heart of the South Side Twin Falls project near Kimberly. The 
entire survey was made with a transit and chain, each crop and each 
| type of waste land being carefully noted. The field notes were 
plotted on detail paper on a scale of 200 feet to the inch, and the 
areas were determined with a polar planimeter. The areas surveyed 
‘were typical of the better class of Idaho irrigation practice in every 
‘respect, and the detailed results secured are shown in the following 
‘tables. For convenience the various irigated areas are groupedin 
“Table XXVI, and the nonirrigated or waste areas in Table XXVII. 
As numbered in the first column, the 26 sections are identical in the 
two tables. Nos. 1 to 6, inclusive, in both tables give the data for 
the six sections near Kimberly, and Nos. 7 to 26, inclusive, for the 
20 sections near Meridian. 


TaBLE XXVI.—<Acres actually wrigated. 


No. : Hay. Grain. Pasture. Potatoes. Orchard. Garden. 

Acres. | P.ct.| Acres. | P.ct.| Acres. | P.ct.| Acres. | P.ct.| Acres. | P.ct.| Acres. | P.ct. 

_ eee ee I I By 17.4 fe 5y |) Weg) 14.4] 3.0 76.7 | 15.9 8.1 ines 

- Ee c 263.9 | 40.9 64.1] 9.9 14.9} 2.3 PAL || 8448} 4.2 a7: 

- 1a eee 67.4 | 10.5 71.9) | 11-2 WAG || B20) 25.8] 4.0 11.3 1.8 

.. Sees 20. 6 (3), il V7, 19.7 3.6 204. 6 | 37.5 3 oil 

- ae 12.0 12.8 2.6 41.3 8.5 Ths || UNG 3) P49. 58) 

+ See 20.1 34.7 q-2 15.9 33,33 66.6 | 13.8 BY / -3 

Bees Sia 20.8 Gy |) iE 0 Oy) Tate |) E83 A ail 
ee 32.8} 100.1 | 15.5 0 0 12.6] 1.9 8.5 137 

_ | Sees 28.5 | 134.5 | 20.8 0 0 ona | tb a 0 0 
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TABLE XX VII.— Waste or nonirrigated acreage. 
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TasBLeE XXVII.—Waste or nonirrigated acreage—Continued. 
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A small part of the land surveyed, as indicated by the tables, 
was yet uncleared and uncultivated and is classed as sagebrush. 
The survey having been made during two winter seasons, no determi- 
nation as to the extent of the fallow land could be made. The pro- 
portion of this land, however, was practically negligible and could 
not possibly have exceeded 1 or 2 per cent. The 20 sections included 
in the investigation in the vicinity of Meridian averaged 10.65 farms 
per section. Space will not permit of a detailed description of each 

‘section included in the investigation or of the results obtained. 
The results show, in addition to other factors, that the total land 
“unirrigated from all possible causes, even including the unirrigated 
strips along the fence rows, amounted to only 8.1 per cent of the 
total area surveyed. The land included was not the best nor the 
most intensively cultivated of Idaho irrigated land, but it undoubt- 
edly did represent a little better than average conditions, for neither 
the main canal nor the rough, rolling land that is common along 
the main stream was included. The data secured therefore seem 
to demonstrate that well-developed projects will never contain more 
than 10 to 124 per cent of land which is waste or unirrigated in any 
one year from all different causes, provided the percentage is based 
_ upon no greater gross area than that from which annual maintenance 
can be reasonably expected. 
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The investigations have determined the factors which must be 
taken into consideration in determining the proper duty for an entire 
irrigation project. The first factor is the proper duty of water at 
the land. The results of the investigation indicate that under con- 
djtions similar to those obtaining in Idaho on a normal project with 
medium clay loam should furnish sufficient water so that 2 acre- 
feet can be retained upon each and every irrigated acre during the 
season; that this quantity should be delivered under a rotation 
system in heads of such sizes that economical use can be secured; 
and that where a project is devoted one half to grain and the other 
half to alfalfa or other crops requiring a similar volume of water, 
18.7 per cent of this 2 acre-feet should be delivered during May, 28.3 
per cent during June, 32.8 per cent during July, 17.2 per cent durmg 
August, and 2 per cent during the first: half of September, there 
being but little need for irrigation during the month of April and 
practically none after the middle of September, provided stock 
water or that used for domestic purposes is not taken into considera- 
tion. It has been shown that the farmer must receive approxi- 
mately 24 feet of water per acre at the farm in order for him to retain 
2 feet per acre upon the land. Where projects consist in whole or in 
part of porous soils or of soils with porous subsoils lying closer to the 
surface than 6 feet, more than 21 feet per acre should be delivered 
to the consumers, the quantity required being largely dependent 
upon the porosity of the soil. 

A conservative estimate of the transmission losses should be made 
in advance for each project, in either cubic feet per square foot of 
wetted area or per cent per mile, from the quantity required of canals 
to furnish sufficient water to all parts of a project. A normal proj- 
ect will be found to lose from 20 to 40 per cent of all water diverted 
before the water can be delivered to the farmer. 

After the duty of water at the land, the size of the project, and the 
probable transmission losses have been determined, the net area 
which may be irrigated may be readily found. It then becomes 
necessary to calculate the extent of waste or nonirrigated land from 
all causes which will finally be contained in the project. This, added 
to the net area which can be irrigated, will give the gross area of the 
project. The extensive survey that was made for the determina- 
tion of this factor seems to indicate that 90.per cent of a normal 
project will be irrigated every year after the project is fully developed. 
_ The investigation has demonstrated the adequacy of 2 feet per 
acre for diversified crops on the better class of soils, but it requires 
careful husbandry to render this quantity adequate, and it seems 
evident that but few projects will ever exist, with conditions similar 
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to those in south Idaho, where an allotment of less than this supply 
will be justified. It is believed, however, that the volume of water 
which will produce the maximum yield of crop on any certain variety 
‘of soil is in but few cases the proper and economic duty. It is very 
evident that the cost of the land, of water, the value of the crops 
produced, and the cost of producing them, as well as the volume of 
“water which will produce the largest yield, must all be taken into 
‘consideration when determining the duty for any project. In many 
places the largest crop has been produced where the most water 
thas been applied, but the yield has been in but few cases propor- 
tional to the quantity of water used, and in view of this there is no 
‘doubt that, broadly speaking, one would be justified in opening up a 
project with a higher duty of water where water is very valuable 
‘and land comparatively cheap than where land is high and water 
comparatively inexpensive. The determination of the proper supply 
‘of water for an irrigation project is a very serious problem and one 
‘that must be given the most careful consideration, for it is fully as 
“serious to err on the side of too little water as it is on the side of too 
‘much. [f too little water is allotted, the farmers never can produce 
profitable crops and the lands never will reach their highest possible 
value, while if too much is allotted the ultimate irrigated area is not 
jonly cut down, but the excess supply is almost invariably used, 
Tesulting in the rapid water-logging and deterioration of the irrigated 
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PREVALENCE OF ANTHRAX AND METHODS OF CONTROL. 


_ Anthrax is a disease that is widely spread throughout the world, 
and in the United States it is being recognized as one of the most 
destructive scourges of live stock. In certain sections it is more 
prevalent than in others, particularly in the Southern States, and 
since no determined effort has been made toward its suppression it 
appears to be on the increase, its presence now being recorded in 
localities where it has never before been recognized. 

As the spores of the causative agent of anthrax retain their 
virulence and remain lodged in the soil in an active state for many 
years in»the infected localities, it is very difficult to prevent the 
spread of the infection, and the eradication of the disease is thereby 
rendered a most serious problem. 

Various factors have to be considered in the prophylactic control 
of anthrax, such as the prevention of the continued impregnation of 

1 The author was ably assisted in the technical part of this work by Dr. Raymond A. Kelser, assistant 


in pathology and bacteriology, to whom credit is due for the painstaking and careful execution of the 
details of the experiments. 


Norts.—This bulletin is of interest to stock raisers and veterinarians generally. 
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the soil with the virus by the proper disposition of the carcasses of 
animals that have died of the disease, the destruction of the virus 
contained in the soil by its proper drainage and cultivation, and the 
prevention of outbreaks through the immunization of the susceptible 
animals. 

In order to attain the greatest success in the control and eradica- 
tion of the disease, it would appear that the best results can be ac- 
complished only through proper attention to all of the above factors. 
The execution of these measures would require the earnest coopera- 
tion of the stock owners, but even then, on account of the peculiar 
geographical conditions of certain parts of the country, the drainage 
and cultivation of the land would not always be feasible, and our 
efforts must therefore be directed principally toward the sanitary 
measures and protective vaccination. The enforcement of proper 
sanitary police regulations in connection with the control of anthrax 
would no doubt effect a material reduction of the disease, but un- 
fortunately it is rather a difficult task to obtain the cooperation of 
the interested parties. 

The proper disposition of the infective material, particularly the 
carcasses, should be considered of the utmost importance, since such 
material constitutes the greatest source of danger toward the spread- 
ing of the disease. Drainage from the soil polluted by infected 
carcasses may carry the infection to distant points and deposit the 
spores over large areas hitherto uninfected. Buzzards and other birds 
(Dalrymple), dogs, and even flies may also carry the infection from 
such sources into uninfected localities. Therefore, in an effort to 
control the disease, an educational propaganda must be carried out 
and stringent compulsory measures adopted for the proper disposi- 
tion of the infective material from premises where the disease appears 
among the stock. 


PROTECTIVE VACCINATION. 


A material reduction and a checking of the disease may be suc- 
cessfully accomplished by periodical vaccination of all stock in in- 
fected localities. This method, even if practiced alone, would have 
splendid results in minimizing the losses from the disease in anthrax 
localities. However, such vaccination must be carried out regu- 
larly and irrespective of whether the disease has already appeared 
on the premises. 

Fortunately we have at our command various methods of vacci- 
nation which have proved highly efficient in the production of im- 
munity from anthrax. As a matter of fact, this was one of the first 
infectious diseases in which protective vaccination was successfully 
demonstrated, and we are indebted to Pasteur for devising the pro- 
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cedure of the vaccination for this purpose. Pasteur proved that 
anthrax bacilli when cultivated at a temperature of from 42° to 43° 
C. will gradually lose their virulence, and also that when removed 
from such an attenuating temperature and cultivated under normal 
| incubation temperature they will not change their pathogenicity. 
Thus cultures attenuated for 24 days will be pathogenic for mice 
: but not for guinea pigs and rabbits, whereas if attenuated for only 
| 12 days at the higher temperature they will be virulent for mice 
: and. guinea pigs but not for large rabbits. The attenuated cultures 
| will retain their reduced virulence under ordinary conditions, and 
| only in very exceptional instances has any increase of virulence 
: been observed. This characteristic of the anthrax bacillus led Pas- 
_  teur to employ the attenuated forms of the anthrax cultures for 
vaccination purposes. Accordingly he prepared a weakened vac- 
cine from cultures which had been attenuated for 24 days (premier 
__ vaecin), and for a second injection cultures which had been attenu- 
ated for 12 days (deuxiéme vaccin). In the epoch-making demon- | 
stration at Pouilly le Fort, before a commission appointed by the 
French Government, he successfully demonstrated its effectiveness 
on sheep and cattle. In this instance the vaccinated animals with- 
stood the injection of virulent anthrax bacilli, whereas the controls 
died. Since that time vaccination against anthrax by the Pasteur 
method has been very extensively employed throughout the world. 
Many millions of animals have been vaccinated by this method, and 
the results in general must be considered very favorable. 
At the same time it must be acknowledged that in vaccination by 
_the Pasteur method it is essential to have a potent vaccine and one 
which is properly tested for its pathogenicity. There are disad- 
vantages 1n this method of vaccination and these must be given due 
consideration. The unstable keeping quality of the Pasteur vaccine 
is a very important factor to be considered. Experience in this line 
has proved that Pasteur vaccine may deteriorate within a very short 
__ time after its preparation, and this has also been demonstrated during 
the work of the Bureau of Animal Industry in the control of the 
manufacture of biological products, when periodical tests were 
| undertaken with those of various manufacturers. In repeated in- 
stances a vaccine proved inert within three months of its preparation. 
At other times it remained potent for a period of a year. This no 
doubt is due to the method of preserving and handling the product. 
When exposed to light and warm temperature it deteriorates very 
rapdily, and when it is considered that the products of manufacturers 
may be stored under unfavorable conditions in branch houses and on 
_ the shelves in rural drug stores the loss of potency can be readily 
_-» explained. For this reason it seems wise to reduce the time limit for 
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the use of Pasteur anthrax vaccine to three months from the date of 
its preparation. 

The injection of an inert product into animals would: impart to 
the stock owners and veterinarians who employ it a false sense of 
security and would bring this method of vaccination into disrepute. 
At times no doubt great losses have resulted from the application 
of mert vaccines. 

Other disadvantages of the Pasteur method which must be con- 
sidered are, first, that it requires two handlings of the animals 
before immunity is established; second, that the losses from vac- 
cinations are not insignificant; third, that its standardization is 
not carried out very accurately; and, fourth, that its administration 
in herds where the disease has already made its appearance is liable 
to induce the disease, through the reduction of the resistance of the 
animal during the process of vaccination, and for this last reason it 
is best adapted for use only with herds in which the disease has not 
yet appeared. & 

These deficiencies of the method have been recognized by many 
investigators, who have endeavored to devise other methods of 
vaccination, and particular attention has been directed toward the 
preparation of a spore vaccine, because of its superior keeping 
qualities. In Russia at the present time the method of Zenkowsky, 
and in Hungary a spore vaccine prepared by Detre, are being suc- 
cessfully employed; although, aside from their keeping qualities, 
these products have all the other disadvantages of the Pasteur 
method. Successful vaccination by spore vaccines was also demon- 
strated by Nitta, in Japan, and by others. Other means of vaccina- 
tion with attenuated living cultures, aggressions, dead bacteria, etc., 
were tried, but proved of no advantage. 

Sclavo, Sobernheim, and others have established that injections 
of increasing amounts of virulent cultures into immune animals 
produced a serum which has great protective value against anthrax. 
Such protective serum may be produced in the various susceptible 
animals. 


PRODUCTION OF SERUM. 


The animals which are selected for the preparation of serum are 
subjected to a preliminary treatment either by sero-vaccination or by 
Pasteur’s method, then at certain regular intervals they are infected 
with increasing doses of virulent anthrax cultures. For this purpose 
they receive in about 10 to 14 days following the preliminary treat- 
ment an injection of from 0.005 to 0.001 of a loopful of virulent cul- 
ture. In sheep it is advisable to exercise greater care, especially at 
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the first injection of virulent material, when a very small quantity 
of culture should be employed, whereas in cattle and horses it is not 
necessary to employ less than 0.005 of a loopful. The first injection 
of virulent culture is usually followed by a considerable reaction, 
inasmuch as the animals usually develop a febrile condition which 
persists for several days. The subsequent inoculations are then car- 
ried out at intervals of from 2 to 3 weeks in such a way that the 
dose is soon increased to a loopful, then to several loopfuls, and 
gradually to several agar cultures, and, finally, to an injection con- 
sisting of several large mass cultures. This is quite easily accom- 
plished in cattle and horses, and in 8 to 4 months the animals 
may become so tolerant to this injection that they will withstand 
the subcutaneous inoculations of two to three mass cultures without 
noteworthy reaction. At times considerable extensive local infiltra- 
tion may follow the injection, which, however, retrogresses within 
a short time and the general condition of the animals is only slightly 
influenced. In sheep the immunization causes greater difficulties 
on account of a greater susceptibility of these animals, and it is 
difficult to prevent a very small percentage of the animals which are 
being used for serum production from dying in the course of the hyper- 
immunization. Nevertheless it is possible, even in sheep, to produce 
such an immunity that they will withstand the injection of several 
mass cultures without reacting. 

The more virulent the strain of the anthrax culture which has 
been used for the treatment of the animals the more care must be 
exercised in the course of the hyperimmunization, but in that case 
the anthrax serum would also be more potent. Therefore, it is advis- 
able to use anthrax strains which have been recently obtained from 
fatal infections. It is also advisable to use strains of different 
origin for the immunization. It is immaterial whether bouillon 
cultures are used or suspensions from agar cultures, but it is more 
practical to use the latter method for the inoculating material, since 
in this instance the quantity of fluid to be injected may be limited 
to a relatively small amount. Quantities of 500 to 1,000 c. ¢. of 
the bouillon cultures cause, as can be readily seen, considerable tech- 
nical difficulty for injection, whereas the suspensions from four or 
five mass cultures may be readily distributed in 50 to 60 c. c. of 
fluid. Fresh cultures which have been cultivated for about 24 hours 
at 87° C. are as a rule more suitable for inoculation, whereas older 
cultures with pronounced spore formations possess no advantages 
over the young cultures. 


1 Bureau of Animal Industry Bulletin 137, “Anthrax, with special reference to the pro- 
duction of immunity,” by Charles F. Dawson. 1911. See p. 43. 
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The inoculations should be made subcutaneously. Intravenous 
injections as first employed by Sclavo are less effective. The potency 
of the anthrax serum is in no way increased by this method of 
immunization. Besides there exists the danger of emboli when in the 
later stages of the immunization process larger amounts of culture 
material have to be administered. Animals which have been treated 
with ‘subcutaneous injections will produce finally an anthrax serum 
of remarkably high potency. 

As a rule the animals which have received one to two agar aulGabes 
show a specific protective action of their serum, but for practical 
purposes it is not advisable to use such a serum. Generally only 
when the animals stand one-half to one mass culture is the potency 
of the serum sufficiently strong. A similar condition is manifested 
in animals used for the production of immune serums for other 
diseases, the individuals showing a varying response to the injection 
for the production of immune bodies, i. e., an animal will at times 
produce a potent serum relatively early, whereas another with the- 
same method of treatment will develop a serum of the same potency 
only after a considerably longer preparatory treatment. Accord- 
ingly, from observation it has been noted that sheep produce the 
most potent serum, and in this species of animals the individual 
differences are of almost no consequence, so that almost every animal 
produces a good anthrax serum. Horses also produce a potent serum, 
although single individuals may show great variations. The anthrax 
serum from cattle is quite potent, but in its protective value it does 
not equal horse and sheep serum. 

It is best to draw the blood 14 to 16 days after the last injection; 
an earlier bleeding should be avoided. Not infrequently it occurs 
that animals after an apparent recovery following the inoculation 
reaction and after a period in which they are free of fever on the 
eighth or ninth day suddenly develop a rise in temperature. This 
has been established by Sclavo and Burow. ‘Then, again, repeated 
regular blood examinations showed that at this time and even later, 
up to the tenth and eleventh days following inoculation, occasional 
anthrax bacilli may appear in the blood of the animals in greater 
numbers. 

The bleeding is carried out in the ordinary way, and the blood is 
collected in large sterilized glass cylinders or similar receptacles of 
about 2 or 8 liters capacity. Seven or eight liters of blood may be 
drawn from cattle, about the same quantity from horses, and about 
1 to 14 liters from sheep. After 2 or 3 days another bleeding is 
made. In this instance, however, only a small quantity of blood 
should be drawn. The animals resist these operations very readily, 
and after a lapse of 14 days they are ready for another injection, 


\ 
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which is then followed in from 14 to 16 days by repeated bleedings. 
Thus, in the period of a year, the same animals may be bled 10 to 
11 times, and such animals can be used in this way for several years, 
alternating the injections with the bleedings, provided they are kept 
in a well-nourished and healthy condition. 

In order to obtain the largest possible yield of serum from the 
blood drawn into the glass cylinders a weight is attached to the same 
and released onto the clotted blood in about 12 hours after being 
drawn. The diameter of the weight is about half an inch less than 
the cylinder and its weight is about 2 pounds. In about 24 hours 
the clear serum is then siphoned into sterile bottles and preserved 
with 0.5 per cent of carbolic acid. If proper precautions have been 
practised, it is not necessary to pass the serum through Berkefeld 
filters; however, if there is the slightest doubt as to its sterility, it is 
desirable to filter the serum before bottling. It is advisable to dis- 
tribute the serum in various-sized brown bottles, which should be 
securely corked and paraflined. 


STANDARDIZATION OF THE SERUM. 


The testing of the serum must be carried out primarily to determine 
its potency. It is to be regretted that for this purpose there are no 
accurate or definite methods known, and it is almost impossible to 
establish the absolute protective value of the serum, because the 
animals on which it is being tested are so very highly susceptible to 
the disease. Nevertheless, it is possible to establish a relative value 
for all practical purposes through laboratory experiments, and some 
investigators believe that rabbits are best adapted for the purpose. 
The standardization test as recommended by Sobernheim is still em- 
ployed by various investigators. This test is carried out as follows: 


Potency test for anthraxrz serum (Sobernheim). 


Rabbit. First injection. Second injection. 
= Sse Seer 20; e a reabade eae Gat ca Ne ---||Follow immediately by a subcutaneous 
(2... Si aes Hiouceotinimanniolsentinl (intravenous)... “|| injection of 0.001 loopful of a suspension 
MP lalt doco 5c. c. of immune serum (intravenous)... .- of virulent anthrax boeilit in 1c. c. 0f0.7 
hae ....| 6c. c. of immune serum (intravenous).. per cent sodium-chlorid solution. 
F (control)... Liaise 0.001 loopful of a suspension of virulent 


anthrax bacilli in 1 c. ec. of 0.7 per cent 
sodium-chlorid solution. 


According to extensive experience, a serum is considered potent 
and satisfactory for immunization purposes when at least two of 
the five rabbits given the serum remain alive and the others die 
later than the control animals. Should more than the two animals 
remain alive, while the control animals die in about 48 hours, the 
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serum has an extraordinary potency. It should be noted that it 
does not follow that those rabbits which receive the smallest serum 
doses should die, since not infrequently they may remain-alive when 
the rabbits receiving larger doses succumb. 

This method of standardization has not been proved as accurate 
and reliable as the test recommended by Ascoli, and which has been 
employed in the experimental work with serum prepared in con- 
nection with our experiments. In this test a 24-hour-old attenuated 
bouillon culture is used, which is of such virulence that when intro- 
duced subcutaneously in a 0.25 c. c. dose into 350-gram guinea pigs 
it will kill them in from two to three days. These test cultures must 
be previously standardized in such a way that they will kill guinea 
pigs which 24 hours previously have been injected intraperitoneally 
with 2 c. c. of normal serum. Guinea pigs treated in the same man- 
ner and with the same dose of titrated standardized immune blood 
serum must remain alive. 

The testing of the serum is carried out on six guinea pigs, each 
receiving intraperitoneally 2 c. c. of the serum to be tested, and 24 
hours later the established dose of the test culture is injected sub- 
cutaneously in the axillary region. The serum is considered satis- 
factory for immunization purposes if at least four of the guinea pigs 
remain alive over six days while the control animals die within 
three or four days. For protective and curative purposes in man, 
only such serum should be selected which, by carrying out the same 
conditions of the test, protect the guinea pig in 0.5 to 1 ¢. ¢. doses. 


EXPERIMENTAL DATA. 


HYPERIMMUNIZATION OF HORSES. 


On September 8, 1914, two horses, Nos. 48 and 96, were vaccinated 
against anthrax according to Pasteur’s method. On September 29 
these two horses were given approximately 0.01 of a loopful of 
virulent anthrax bacilli subcutaneously. Horse No. 48 showed no 
apparent reaction following the injection. Horse No. 96, however, 
developed local anthrax at the point of inoculation. The swelling 
became enlarged and there was a considerable area of edema below 
the same. This condition persisted for approximately a week, and 
finally disappeared. The animal, however, showed no appreciable 
rise in temperature during this period. 

The following table gives in detail the process of hyperimmuni- 
zation : : 
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Hyperimmunization of horses Nos. 48 and 96, 


Date. | Amount of virus given each horse. Result. 


1914. 
Sept. 29......... OWloopfileeme ae tet oa aS cee No apparent reaction in horse 48. Horse 


96 developed anthrax at point of inocula- 
tion; large swelling; edema of neighbor- 
ing tissue. Persisted about one week. 


OC Aan oa He ULC O DIET. 27 SE DO ee Rarer Ge Sea a No noticeable reaction in either animal. 

Nov. 15.. Pea pLOMOODIUISs 445 ca ck aoe ene Slane cones ce eee 0. 

GG Oe ae a c/s 5 e. c. of an emulsion, representing one- | Horse 48 showed a temperature of 102.2° 
half growth of agar culture. the following day; horse 96, 101°. Both 


animals developed a small, hard nodule 
at point of inoculation. 


Dec; 2g. ee: 20 c. c. of emulsion, representing washing | Both animals developed small abscess at 
of growth from 2 agar cultures. point of inoculation. 
Ta LO ne eos 30 c. c. of emulsion, growth from 8 agar | No reaction. 
cultures. 
PG OS Qacarets ayaic'= i= 40 c. c. of emulsion, growth from 2 mass | Slight reaction in horse 96. Horse 48 
cultures from flasks, surface area 6 by showed que an intensive reaction, devel- 
24 inches. oping a large swelling at point of inocu- 
lation; persisted several days. 
Mate Oveos siete. oc 50 ec. ec. of emulsion, growth from 4 mass | No apparent reaction. 
cultures from flasks, surface area 6 by 
24 inches. 
Mars ol 2sas6 202 50 c. c. of emulsion, growth from 8 mass | Slight local reaction in each case. 
cultures from flasks, surface area 6 by 
24 inches. 
Joe baseee ieee) Haaee do). 32 See Meee tees cocoate eee asses Do. : 
Jj 04. 5 eee eee GOs Sens Et HATS ae ee ABS Ts tes Slight rise in temperature in both cases. 
May ree ras pete GROMER Ie URGE a ei Ce Slight temperature and local reaction. 
IMitkyg 24coe ete eal. oe. CSE | - Se eae eee ent ee Fe At Do. 
(0 Gl Dames ee arene OEE oo pA SSE ne eS eh aN Slight local reaction. 


In the above work four strains of anthrax bacilli were used, known 
to us as “ Davis,” “6071,” “ Burt,” and “ Boener”—the first two 
strains being highly virulent types and the latter two very much 
weaker. In all cases where the larger amounts of the virus were 
given the injections were made at 4 to 6 different points in order to 
minimize abscess formation. 

_ It might be well also to state here that the irregularity in the time 
between injections was due to the fact that this work was interfered 
with by the outbreak of foot-and-mouth disease in this country, and 
for this reason it was also impossible to subject the blood to periodical 
tests to ascertain its immunizing value at the different intervals 
between injections. Experience proved that horses may produce 
highly potent serum following the injection of the first or second 
mass cultures. It is therefore advisable to subject the blood of the 
animals to periodical tests for potency throughout the course of 
immunization. 

On June 25, 1915, 6 liters of blood were drawn from each horse 
into the glass bleeding cylinders previously described. Since this 
date these animals have been bled regularly, 6 Hters being taken 
from each horse, and an injection of virus made in the intervals 
between bleedings. 


SERUM TESTS. 


In standardizing our serum, that taken from each horse was tested 
separately. The following procedure was carried out: Three series 
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of guinea pigs were inoculated intraperitoneally with varying 
amounts of serum, and 48 hours later were injected with 0.25 c. c¢. 
of a 24-hour bouillon subculture of an attenuated strain known as 
“Davis D.” This culture had been attenuated by growing it at a 
temperature of 42°-438° C. for a period of 20 days. Previous tests 
of this culture showed that it was uniformly pathogenic for guinea 
pigs, killing them in two to three days, but it failed to kill rabbits. 
The results of this test are contained in the following table: 


Standardization tests of anthrax serum (serum injected intraperitoneally ; 
virus 24 hours later subcutaneously). 


SERUM 48. 
Guinea pig No. “noua of Aanount of Result. 
| ie. aE ees SE Aechmea ob Or HOLES OC ac Or 1.0c¢.c. 0.25 ec. c. | Remained alive. 
) ee PEPE Re ASN SAAS BREA SG AOaS ALAS oes nes aeces 1.5¢.¢c. | 0.25¢c.c. | Died on third day. 
Shoo. ee Ee eee oe eee 2.0c.c. | 0.25¢.¢. | Remained alive. 
7 eee ne Ee Sar Sa Gee Sones SonboCaaodS 2.5. ¢. 0. 25 c. ¢. Do. 
| SOs oper partes © 2.0 Reena a eet Ae Sein ae al a aye a 3.0¢.c.| 0.25¢.c¢. Do. 7 
(Shae par hemlet 4 ead oops crit nein nest | Bence re 3.5. Cc. 0. 25 c. ¢. Do. 
SERUM 96. 

1.0¢c.c.| 0.25¢.c. | Remained alive. 

1.5¢.¢. 0. 25 c. e. Do. 

2.0c.ce. | 0.25¢.e. | Died on third day. 

P-) (Ga (Ce 0. 25 c. c. | Remained alive. 

3.0¢. c. 0. 25 c. c. Do. 

3.5¢.¢c. 0. 25 c. c. Do. 

NORMAL HORSE SERUM. 

| ean MOS oe en mets AD SR Te EL) eet 8 oa eo 1.0¢.c.] 0.25¢.c. | Died on fourth day. 
DIRE LS Fon tS SF AUS | SINR A AI et ES ye er Pe ea 1.5¢.¢c.} 0.25¢c.c. | Died on third day. 
Oi: UE AOS ee Re sar Balas Sn em a ay ge eer oats 2.0c.c. | 0.25¢.c. | Died on fourth day. 
ARR OU RES DEAT: Pree EE ARCANE UES Re ete eee a ea ee 2.5. C. 0. 25 c. ec. | Remained alive. 
Ee ees He ee eI GOe is SHE ent os teehee Mere 3.0c.c. | 0.25¢.c. | Died on fourth day. 
GRPSS Ee ce hs AU ey is Se An de Sane ee eee meee errs 3.5¢.¢c. | 0.25¢c.c. | Died on third day. 


In view of these results it was decided to use the “ Davis D” cul- 
ture in the preparation of our spore vaccine, to be used simultane- 
ously with the serum. 

Extensive tests to determine whether or not the immune serums 
possessed a bactericidal property proved negative. 


PREPARATION OF SPORE VACCINE. 


The four cultures used for the hyperimmunization of the horses 
were attenuated at a temperature of 42.5° C. for varying periods. 
From time to time they were tested for their pathogenicity by inocu- 
lation into mice, guinea pigs, and rabbits. The cultures, which were 
removed from the incubator after 20 days of attenuation, proved sat- 
isfactory for the purpose, inasmuch as the test inoculation demon- 


i 


j 
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strated their virulence for the mice and guinea pigs, but not for 


| rabbits. 


For the purpose of producing a spore vaccine it is desirable to use 


“a peptone-free agar media and after inoculation with the attenuated 
_ culture to grow the organism at a temperature of 37.5° C. for 4 to 7 


days, by which time an abundance of spores will have formed. The 
growth is then washed from the slants and collected in a sterile 
flask and heated at a temperature of 60° C. for one-half hour, to 
destroy the vegetative forms of the organism. A measured quantity 
of this suspension can then be plated out in the usual manner and the 


_ spore content of 1 c. c. of the suspension established. A dilution can 
_ then be made to the desired amount for inoculation purposes. Thus, 
if it is desired to use for vaccination 1,000,000 spores, it is best to 
dilute the vaccine to a quantity of which 1 c. c. would contain this 
_number. Of such vaccine 1 c. c. would constitute the dose for cattle 


and horses, with correspondingly smaller doses for calves and sheep. 

In all forms of vaccination against anthrax in sheep the greatest 
care must be exercised, since these animals are very susceptible to the 
disease, and at times vaccines which have no ill effects on cattle will 
prove fatal to sheep; therefore the dose of the spore vaccine for sheep 
should not be more than one-fourth the amount given cattle. 

In the preparation of spore vaccines it is essential to submit every 
lot to a test for pathogenicity by inoculating approximately 250,000 
spores—that is, 0.25 c. c. of the standard suspension—into guinea 
pigs and rabbits before employing the same for vaccination purposes. 
The guinea pigs should die in from 2 to 5 days, whereas the rabbits 
should remain alive. 

In consideration of the keeping qualities of the spore vaccine, large 
lots can be prepared without fear of deterioration. In the bottling 
and storing of the same, however, proper care should be taken to 
prevent contamination. 


TECHNIC OF ADMINISTRATION. 


For immunization purposes by the simultaneous method the serum 
should be injected first. It is desirable to divide the herd into groups 
of 10 or 12 and inject first each animal of the group with the serum, 
following this with the injection of the spore vaccine. The serum 
should be injected on one side, either on the neck or back of the 


_ shoulder, and the spore vaccine on the other side, the injections being 


made subcutaneously. 
In’ herds where the disease has already made its appearance it is 
necessary to take the temperatures of all the animals and to subject 


to the simultaneous vaccination only those that show no rise in tem- 
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perature. All others should be given the serum-alone treatment in 
doses varying in accordance with the severity of the symptoms mani- 
fested by the individual animals. If the examination reveals a con- 
siderable number of infections, it is advisable to use the serum alone 
for all the animals, and in 3 or 4 weeks to revaccinate by the simul- 
taneous method. 

The dosage should depend on the potency of the serum, serum of a 
high potency naturally being most desirable; thus, in some instances 
serum in 5 c. ec. doses for large animals and 3 ¢. c. for smaller ones was 
found to be effective for immunization purposes. Unfortunately all 
hyperimmune animals do not yield serum of such high potency, and 
for this reason it is obvious that accurate potency tests should be 
carried out by the producer of the serum. 

In the treatment of anthrax, serum should be administered in large 
doses. An animal showing only a high temperature, with no other 
manifestations of the disease, should be given from 30 to 50 ¢. c., but 
if the gravity of the disease is pronounced, 100 c. c. should be ad- 
ministered. In almost every instance a drop in temperature may be 
observed and a diminishing of the severity of the symptoms. At 
times, however, a relapse occurs about the second or third day fol- 
lowing the serum injection, when it becomes necessary to administer 
another dose of serum. It has been proved that animals affected 
with anthrax, even after the bacilli are found in the blood circulation, 
may recover after an injection of potent serum. 

The simultaneous treatment, as in the Pasteur treatment, may at 
times result in a temperature and systemic reaction in the animals. 
These manifestations are indicated by an elevation of temperature 
and sometimes by a swelling at the point of inoculation of the spore 
vaccine. These symptoms, however, are usually of short duration, 
and only in very exceptional cases will they result in the loss of the 
animal. However, if the reaction following the injection of the spore 
vaccine threatens the life of the animal, a second injection of serum 
should be administered. 

The anthrax serum injected simultaneously with the vaccine has a 
counteracting effect upon the reaction which may follow the injec- 
tion of the spore vaccine during the process of immunization. 

At times anaphylactic reactions are observed as a result of the 
serum injected, especially in cases where the serum is foreign to the 
animals treated. These manifestations appear as a rule within one- 
half hour after injection, in the form of urticarialike eruptions, 
swelling of the head, slight chills, and rise in temperature. More 
severe symptoms have also been noted to follow such injections, but 
they almost invariably subside within a few hours. 
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TEST OF THE SIMULTANEOUS METHOD ON CATTLE AND SHEEP. 


A series of experiments was conducted at the experiment station of 
the Bureau of Animal Industry at Bethesda, Md., to establish the 
efficiency of the simultaneous method of anthrax immunization on 
cattle and sheep. 

For this purpose 6 head of cattle and 5 sheep were given the simul- 
taneous injection of anthrax serum and spore vaccine. Three weeks 
subsequent to immunization they were subjected to infection tests 
which consisted of a subcutaneous administration of 0.25 ¢. c. for the 
cattle and 0.125 c. c. for the sheep of blood from a guinea pig which 
had died from an artificial infection with our most virulent strain of 
anthrax. 

The microscopic examination of the blood of the guinea pig showed 
it to be heavily charged with anthrax bacilli, but in order to make 
the test as severe as possible it was deemed advisable to use such exces- 
sive amounts. Three additional cattle and two sheep were used as 
checks, receiving only the virulent blood. As a result of this infec- 
tion all animals manifested an elevation of temperature ranging from 
103° to 107° F. The control animals especially were markedly 
affected with typical manifestations of anthrax and all succumbed 
within two to eight days following infection. All but one of the 
vaccinated sheep succumbed to anthrax, but at a later date than the 
check animals. Of the immunized cattle a marked temperature reac- 
tion was noted, but all of these animals recovered with the exception 
of a small, undersized, weak calf, which died in six days following 
infection. . 

While in the above test the sheep succumbed and one of the small 
calves died of anthrax, nevertheless the potency of the serum was 
demonstrated. The excessive virulent. blood used for the infection 
was extraordinary and could not be compared with the amount of 
virus taken by a susceptible animal in cases of natural infection. 


FIELD TESTS. 


On June 21, 1915, Dr. R. R. Ashworth, a dairy inspector for the 
District of Columbia, notified our office that a number of deaths 
among hogs were occurring on a farm in Maryland, just outside of 
the District. The symptoms described by Dr. Ashworth pointed sus- 
piciously to anthrax. A visit was made to the farm the same morn- 
ing, and after an autopsy on several animals, followed by a bac- 
teriological examination, a definite diagnosis of anthrax was estab- 
lished. This was later conclusively verified by animal inoculation 
tests. 

At that time 7 shoats and 4 sows had died of the disease and 3 shoats, 
4 sows, and 1 boar were showing symptoms of anthrax, several of the 
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sick animals manifesting the characteristic edema of the throat 
region. It is desired to make particular mention of the boar, a fine 
pure-bred animal, which was in an almost comatose condition, show- 
ing a profuse bloody diarrhea, and a temperature of 106° F. One of 
the sows was also in a very critical condition. 

On the afternoon of June 21 the affected animals were given injec- 
tions of the immune serum, the boar receiving 100 c. c., the sows 50 
c. c., and the shoats 30 c. ec. On the following day a visit was made 
to the farm to immunize the remaining hogs, which as yet had shown 
no symptoms of the disease. A total of 138 were given protective 
doses of the serum, the larger hogs weighing 75 pounds or over receiv- 
ing 10 c. c. and the smaller animals 5 c. c. Marked improvement was 
noted in the sick animals that had been treated the day before. 

On June 23 another visit was made to the farm. All of the sick 
animals showed still further improvement. The boar was given 60 
c. c. more of immune serum and the sow that had been the most sick 
was given an additional 30 c. c. 

The result of this work was that every affected animal recovered, 
and up to the present time not a single death from anthrax has been 
reported in those animals that received portective doses of.the serum. 

In the early part of July an outbreak of anthrax was reported 
from Queen Anne County, Md. On July 13 two inspectors from 
the bureau were detailed to make an investigation, with a view to 
using our immune serum and spore vaccine in an effort to control 
the outbreak. The disease had made its first appearance about a 
month previous to this time, when a farmer lost a cow from anthrax. 
A few days later a neighbor on an adjoining farm lost a hog from the 
disease. Following this, the disease made its appearance on five 
other farms in the immediate vicinity, the greater percentage of 
animals stricken dying of the apoplectic form of the malady. Ani- 
mals on some of the farms had been treated with single injections 
of a commercial vaccine before the arrival of our inspectors. Immu- 
nization tests were at once started with the bureau serum and spore 
vaccine, with the following results: 

The animals on six farms where losses had occurred from anthrax 
were vaccinated, the cattle, horses, and mules receiving 10 c. c. each 
of serum and 1 ¢. c. of spore vaccine, except, however, in cases where 
there was reason to believe an animal might be in the incubative 
stage of the disease, when the vaccine was omitted and the dose of 
serum increased. Sheep and hogs on the infected farms were given 
the serum-alone treatment, receiving from 5 to 10 c. ¢. each. 

On the day subsequent to vaccination a mule on one of the farms 
showed symptoms of anthrax, there being an elevation of tempera- 
ture and a characteristic swelling on one side of the neck, the side 
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opposite to where the vaccine had been injected. This animal was 
given an injection of 60 ¢. c. of serum and made a speedy recovery. 

In all, 399 animals, including horses, mules, cattle, sheep, and hogs 
on farms where the disease had broken out, were treated with the 
bureau serum and vaccine. Previous to this:an aggregate of 10 
cattle, 3 mules, and 13 hogs had died of anthrax on these farms. 
On the morning of the day following vaccination a cow on one of the 
farms died of anthrax. Exclusive of the above, no losses from 
anthrax have occurred on any of these farms. 

Approximately 140 animals on several other infected farms were 
vaccinated with a commercial vaccine by a representative of the 
State live stock sanitary board. Within a day or two following 
this vaccination it was reported 3 cows and 1 mule died of anthrax, 
and since then 2 more cows have died of the disease. 

Another opportunity was afforded us to test the serum and vaccine 
in an outbreak of anthrax in Noxubee County, Miss., where a num- 
ber of farms were reported to be infected with the disease. A 
quantity of serum and spore vaccine was furnished, and an inspector 
detailed from the bureau station at Birmingham, Ala., to conduct 
the work. On various farms where the disease had made its appear- 
ance a total of 125 cattle were given the simultaneous treatment. In 
addition 3 animals which showed symptoms of the disease were 
given 30 c. c. of serum alone. No deaths from anthrax occurred 
immediately following or since the vaccination, the affected animals 
having all recovered from the disease: 


USE OF SERUM IN TREATMENT OF ANTHRAX IN MAN. 


Extensive data are available on the effectiveness of anthrax serum 
for the treatment of the disease in man. It is recommended that 
from 30 to 40 c. c. of serum be injected in three or four different 
places. Should no improvement follow in 24 hours an additional 
injection of 20 to 30 ¢. c. of serum should be administered. 

In most instances the results are very favorable, and this treat- 
ment is acknowledged to be superior to any other mode of treatment 
known for this disease. 


CONCENTRATION OF SERUM. 


Experiments are now being conducted in drying immune serum 
with a view to preparing the same in pellet form. For this purpose 
the serum has been dried in shallow pans in a serum-drying appa- 
ratus. After thorough drying it is scraped from the pans, milled 
into a fine powder, and prepared in a pellet machine into proper- 
sized pellets. The spore vaccine is also being prepared in a similar 
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manner. This procedure would greatly simplify the administration 
of the serum and vaccine and, besides, the products would be in a 
form least likely to deteriorate or become contaminated. . 

The proteids containing the protective bodies of the serum have 
also been successfully precipitated through fractional saturation of 
the serum with ammonium sulphate, and further work along this 
ling is now being conducted. However, this work and the work on 
the drying and concentration of the products are still in the experi- 
mental stage, and it is our aim to properly work out a method most 
suitable for immunization of animals in the field. 


CONCLUSION. 


1. Horses are suitable for the production of highly potent anthrax 
serum. Serum of such horses should protect large animals in 10 c. ¢. 
doses. 

2. The use of the serum-alone treatment is indicated in cases where 
the infection has already occurred in a herd. Since the serum con- 
fers only a passive immunity, it is advisable to revaccinate the herd 
in from three to five weeks by the simultaneous method. 

3. The serum possesses great curative value. Depending on the 
severity of the infection, the curative dose is from 30 to 100 c. ¢.; the 
injection to be repeated if necessary. 

4. For the simultaneous treatment a spore vaccine, carefully stand- 
ardized, is preferable to the ordinary Pasteur vaccine. 

5. Spore vaccine should be employed also in preference to the 
Pasteur vaccines for immunization with vaccine alone. This vaccine 
has a decided advantage over the Pasteur, because of the possibility 
of more accurate dosing and because of its better keeping qualities. 

6. Experiments with concentrated serum and dry spore vaccine 
are very promising. ‘This method would greatly simplify the vac- 
cination process and also insure the product against subsequent con- 
tamination and deterioration. 
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OBJECTS OF STUDY. 


_ The objects of this study were: 


1. To work out a method of studying regional farm manage- 
ment problems. 

2. To discover fundamental principles of farm management. 

3. To work out the application of these fundamental principles 
to the agriculture of a definite agricultural region. 

It is believed the system of tabulating and interpreting farm- 
management survey data worked out in the study of the survey 
made in Chester County and presented in this bulletin offers a means 
of interpreting such data that will render such a farm-management 
survey of great value in determining the best agricultural practice 
in any distinct agricultural region. 


1 Acknowledgment is due Messrs. J. I. Falconer, D. L. Cottrill, H. B. Munger, L. G. Con- 
nor, Jos. H. Hamilton, E. L. Moffitt, and H. M. Doyle, who assisted in collecting the data 
presented in this bulletin. Prof. Ff. D. Gardner, of the Pennsylvania State Agricultural 
College, gave valuable assistance in selecting the area studied and suggestions concerning 
the conduct of the work. Thanks are extended to the many farmers in this region 
through whose courtesy this work was made possible. 

Noty.—This study is based on the operations of 643 farms in an old and prosperous 
agricultural section. It is designed to develop fundamental and broadly applicable 


principles of good farm management. 
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RESULTS. 


The more important of the fundamental principles of farm man- 
agement brought out clearly in this study, and amply confirming 
similar studies, are: 

The type of farming followed in any given case must be adapted. 
to local soil, climatic and labor conditions, and especially to local 
conditions with reference to markets and market facilities, as well 
as to the business conditions existing on the individual farm. 

When the conditions affecting the agriculture of a region have 
remained stable for a considerable period local agricultural practice 
tends to become approximately what it should be for best results, 
provided the practice which gives the best tmmediate returns does 
not unfavorably affect soil fertility. When conditions change, even 
slightly, if the change is permanent, local farm practice begins to 
change and ultimately adapts itself to the new conditions. 

Success in farming, measured in terms of the family income ard 
standard of living, is directly proportional to the magnitude of the 
farm business, although the per cent of profits on the farm investment © 
is, within wide limits, independent of the magnitude of business. 
With the types of farming generally adapted to this locality many 
of the farms found in this survey are too small to permit a satisfac- 
tory standard of living. ; 

In the matter of yield of crops per acre, the point of diminishing re- 
turns is reached on a considerable proportion of farms. Profits in- 
crease as ylelds increase until the yields are considerably above the 
average for the locality, but beyond this increased yieids are obtained 
at the expense of farm profits. 

In quantity of product per dairy cow, the point of diminishing re- 
turns is not reached in ordinary farm practice. Hence, on dairy 
farms, quantity of product per cow is, on the average, a more im- 
portant factor of success in farming than yield of crops per acre. 

It is both easier and more profitable to increase low acre yields 
than high ones, and a small product per cow than a large one. In 
other words, profits can be increased most easily by attention to the 
weakest points in a system of farming. The more vital the weak- 
ness the greater the increase in profits that can easily be made. 

With a given type of farming, under given conditions, there is a 
certain way of dividing acreage among the several enterprises of the 
farm which is more profitable than any other way, that is, there is 
a most profitable acreage for each crop. Similarly there is a most 
profitable proportion of income from each source. If the acreage of 
any crop or the proportion of income from any enterprise be greater 
or less than this optimum, the profits of the farm as a whole are 
lowered thereby. 


, 
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Certain enterprises may be distinctly profitable when occupying 
a minor position in the farm business and distinctly unprofitable if 
made major enterprises. This appears to be true of fruit growing 
in Chester County, and, to a less extent, of poultry keeping. 

On small farms the expense of operation is much greater per unit 
of product than on large farms of similar type. 

Diversity of the farm business is, as a rule, an important factor 
of success in farming. A medium degree of diversity, sufficient to 
give good seasonal distribution of labor, complete utilization of land, 
and a considerable variety of sale products, is better than either ex- 
treme diversity or a low degree of diversity. 

The more important applications of the above principles to the 
agriculture of this survey area are given below. It is believed that 
most, if not all, of these conclusions are likewise applicable to a wide 
region in the Middle Atlantic States where similar conditions as to 
soils and markets prevail. 


APPLICATION TO CHESTER COUNTY AGRICULTURE. 


Most of the farmers in the region of this survey have developed 
systems of farming that are approximately what they should be to 
secure the best results, but a large minority have not. The results 
cutlined below and discussed in detail further on should be of value 
to the majority in confirming their judgment and to the minority 
by showing them how their systems of farming may profitably be 
improved. 

Briefly stated, these are the more important conclusions bearing 
directly upon the possible improvement of Chester County farming: 

That the standard rotation of the section, namely: 


First year. Second year. Third year. | Fourth year. Fifth year. 
Corn ror pe Wheat. : Timothy and clover. 
Oats. | 
should be changed thus: 
First year. | Second year. Third year. ane year. ; Fifth year. | Sixth year. 
Corn. Corn Annual hay crop. Wheat. Timothy and clover. 


| : Potatoes. 


| 

That oats as grain are unprofitable here. 

That the average Chester County farmer should grow a little 
more corn than he needs for home use. 


That the total hay area (including annual hay crop) should occupy 
between 40 and 50 per cent of the land in crops. 
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That it does not pay to buy hay in this region, except where the 
cows kept are of the highest dairy type. 

That dairying should normally be the leading enterprise, with 
about one cow to each 4 or 5 acres of crops grown. 

That the average return per cow for dairy products is $80, and 
that where receipts per cow are less than $50 per year the larger the 
herd the smaller the labor income. 

That more heifer calves should be raised. 

That steer feeding is not worth while as a main line of business 
- except on large farms where labor is scarce. 

That a few hogs should ordinarily be fed for the market. 

That the region is not well adapted to sheep farming. 

That flocks of 100 to 150 hens are more easily made profitable than 
larger or smaller flocks. | 

That fruit and truck should be grown chiefly for home use. 

That potatoes probably occupy about their proper place in Chester 
County farming. 
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Fig. 1.—Location of area surveyed. 


That yields per acre can profitably be increased up to about 40 per 
cent above the average. After that the labor income falls off. 

That labor income increases with the size of the farm, and that 
the average for farms of less than 40 acres is too low to keep up a 
good standard of living. 

That farms where diversification is about the average for the sec- 
tion are usually more profitable than those where farming is either 
more or less diversified than the average. 


TERRITORY SURVEYED. 


Chester County, Pa., is situated in the southeastern part of the 
State, a short distance from Philadelphia, and near the city of 
Wilmington, Del. (See fig. 1.) The area in which this study was 
made lies in the southern portion of the county bordering on the 
States of Maryland and Delaware, as shown by the shaded portion 
of the map in figure 1, 
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This area was chosen for the following reasons: The soils of the 
area are extremely uniform in character, thus giving uniformity 
to the farm practice of the region and permitting comparisons to 
be made without the disturbing element of variation in type of soil: 
the region has long since passed the stage of pioneer farming; and 
the forces which control type of farming have had sufficient time 
to assert themselves and produce a highly stable agriculture, which 
now changes only when economic or other conditions change. The 
local agriculture therefore lends itself admirably to a study of the 
fundamental principles of farm organization. 

In this study the business of 643 farms was analyzed, a record 
being made of the value of all farm property; the proportion of 
capital invested in land, buildings, live stock, implements and ma- 
chinery, supplies, and cash for current expenses; the sources of 
income and the amount from each; the nature and amount of ex- 
penditures; and numerous other items bearing on profit in farming. 
Before entering upon the discussion of the data obtained from these 
farms it is necessary to consider the local geographic conditions 
which have a bearing on the local agriculture. 


TRANSPORTATION FACILITIES AND MARKETS. 


Figure 2 shows the survey area on a larger scale, in which are shown 
che transportation lines, the country roads, and the township bounda- 
ries. The dots on this map represent the situation of the farms 
studied in this survey. It will be observed that one line of railway 
passes through the area in a general easterly and westerly direc- 
ion, near the center of the area, to Philadelphia, which is 38 miles 
from Avondale, near the center of the area. This is the main artery 
of commerce for the area. Another railroad runs through Avondale 
na general northerly-southerly direction. This is a crossroad con- 
necting main roads which run north and south of the survey area, 
out it carries some milk to Philadelphia by way of its connection 
fo the north. There is another railway bordering the northeast- 
arn boundary of the area over which some milk is shipped to 
Philadelphia. 

A troiley line begins at West Grove, near the center of the area, 
and passes eastward through Avondale and Kennett Square, then 
southeastward to Wilmington, Del. This trolley carries a consid- 
arable quantity of milk to Wilmington. From Kennett Square another 
irolley line runs north and then northeast to West Chester, the county 
seat of Chester County, which lies 4 miles from the edge of the area. 
This line is devoted almost wholly to passenger traffic. Wilmington, 
Del., lies 15 miles to the southeast of Avondale, while Baltimore, 
Md., lies 65 miles to the southwest. A few truck farmers in the area 
haul their produce by wagon to Wilmington. 
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It will be observed that the area is well covered with country 
roads, though these are laid out quite irregularly. Several stretches 
of these roads have been macadamized. Others are fairly well graded 
and ordinarily in good condition, though many of the roads are poor. 

By far the most important industry in the county is the produc- 
tion of market milk. Practically all the farms studied are less than 
5 niles from a shipping point. Kennett Square is the largest village, 
but has little effect on the local agriculture. Its population is about 
2,000. 

There is practically no relation between types of farming and dis- 
tance from shipping point in this area, since all the farms are fairly 
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"ig. 2.—Map of survey area. Farms surveyed indicated by dots. 


close to a shipping point. The principal type of farming, namely, 
production of market milk, is one which, by proper cooperation in 
delivering the product to the shipping station, 1s within rather wide 
limits little influenced by distance to the shipping point. In the 
absence of collective delivery of milk, distance to shipping point 
becomes a very important matter. 


TOPOGRAPHY AND DRAINAGE. 


Figure 3 shows the topography of the area surveyed. The heavier 
shading represents the higher land, the shading decreasing in density 
toward sea level. The lowest elevation is found in London Britain 
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township at the south edge of the area and along the Brandywine 
River at the northeastern edge. In these two localities the elevation 
is less than 200 feet above sea level. The highest portion is in the 
northwestern quarter where the land rises somewhat more than 600 
feet above sea level. The greatest difference in elevation to be found 
in the area is thus somewhat over 400 feet. When it is remembered 
that in some good agricultural regions differences as great as this 
are found on a single 200-acre farm it will be seen that the topog- 
raphy here is not at all rough and broken. The uplands are rolling, 
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Tig. 3.— Topography of area surveyed. 


resembling somewhat the surface of the bluegrass area of Kentucky, 
though the unevenness of the surface is more marked and is cut by 
many streams, frequently with steep, wooded slopes. (See frontis- 
piece.) In the western portion of the area the land is in some cases 
steep enough to cause more or less washing, especially where fall- 
plowed land is left bare during the winter. In general, however, the 
topography is rolling, the natural drainage being excellent except 
along the stream bottoms, which are generally in permanent grass. 
(See Pl. II.) It is seldom necessary to resort to artificial drainage 
on the farms in this area. Never-failing springs are found on nearly 
every farm, and the well-kept pastures are thus abundantly supplied 
with water. Some of the streams are utilized for power by means of 


rs 
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overshot wheels, the principal use of this power being for pumping 
water to the farm buildings. In the early days many of the lowland 
pastures were irrigated. Some of the old trenches can still be seen. 


SOILS. 


Figure 4 represents the distribution of the principal soil types 
ef the surveyed area. It will be observed that the Chester loam 
is by far the most important soil in the region, followed by the 
Manor loam. These two soil types occupy nearly the whole area, 
there being scattered here and there small patches of other types. 
This area was selected partly because of unusually uniform soil con- 
ditions. The elimination of important soil differences makes it pos- 
sible to study other factors of profitableness in farming to great 
edvantage. 

The Chester loam is described by the Bureau of Soils as a silty 
loam, which means that it is somewhat heavier and more compact 
than an ordinary loam soil. The soil is, on the average, about 10 
inches deep, having a smooth texture with little coarse grit except 
in the subsoil. ‘The Manor loam, the next most important soil type, 
differs from the Chester loam mainly in containing more coarse, 
micaceous material. It is also somewhat less productive. 

The soils of this area have in general been formed by the disin- 
tegration of granitic rocks, which are deficient in lime, though in a 
few places there are limited areas of limestone outcrop. The soils 
are not naturally highly fertile, though when properly managed they 
may be made distinctly so. 

The pastures consist almost entirely of Kentucky bluegrass, and 
are remarkably productive when the deficiency of lime in the soil is 
considered. ‘Their productivity is, in the main, due to the rather 
heavy character of the soil and to the excellent care taken of the 
pastures (see fig. 4). In this area farmers manure and lime their 
pastures frequently, and it is not uncommon to find pastures, espe- 
cially those in the stream bottoms, with a carrying capacity of one 
cow per acre. 


AGRICULTURAL HISTORY. 


Records of the early agriculture of Chester County are meager. 
The county was established by law in 1682 and was formally or- 
ganized in 1685. It was then an important agricultural area, the 
county seal selected in 1683 bearing a plow in recognition of its 
agricultural character. Indeed Chester County has always been 
noted for its progressiveness in agricultural matters. Some of 
the first American plows and hay-cutting implements were invented 
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and manufactured here, and there is still a factory making certain 
kinds of farm machinery at Kennett Square. 

Until some time after the Revolutionary War there were no well- 
established and well-recognized rotations practiced by the farmers. 
The soil had originally been covered by timber, and it was customary 
to clear out an area of this, crop the land mainly to corn, wheat, 
rye, barley, and garden crops for a series of years until the yields 
became very low, when new land would be cleared and the old land 
left to grow up in grasses, which were used for pasture. 

During the closing years of the eighteenth century a system of 
crop rotation began to be established, a good deal of enthusiasm hay- 


Ira. 4.—Soil map of survey area. (From report of Bureau of Soils, U. S. Department 
of Agriculture. ) 


ing been aroused for it, and much was said and written about “the 
new way of farming.” Thus in 1796 a Chester County farmer, 
writing to a friend in England, said: “‘ Where we had Indian corn 
the year before is dunged by spreading this broadcast and planted 
to barley, oats, and flax. * * * Barley ripens about July 20, flax 
sooner, and oats later. We plow again in August, and sow to wheat 
and rye in September. * * * Wesow clover the following March.” 
It will later be seen that this is essentially the rotation which is now 
practically universal in this region, the only change being the sub- 
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stitution of corn and potatoes for the barley and flax of the second 
year and. the addition of timothy to the clover at the end of the 
rotation. . 

An article in the Farm Journal in 1853, written 2 a Chester 
County farmer, describes essentially the same rotation in the follow- 
ing words: “The rotation is (1) corn on sod; (2) oats; (3) wheat; 
(4) clover and timothy mown or pastured; (5) hay; (6) hay; (7), 
(8), and (9) pasture.” Further on in the article, referring to the 
oat crop, the writer remarks: “If it were convenient to plant wheat 
after corn, this crop would probably be dispensed with.” 

Thus the cropping system which is now standard in the county 
had its beginning about 125 years ago. It was not at all general, 
however, until about 1820, about which time clover became a uni- 
versal crop in the county, fhonen this crop had been introduced from 
Lancaster County as early as 1756. 


A CHANGE IN THE LOCAL AGRICULTURE: 


In the late forties (1845-1850) the agriculture of the North 
Atlantic States suffered a severe depression. About this time there 
was a marvelous extension of agriculture into the Ohio and the Mis- 
sissippi Valleys. Improvements in agricultural machinery were 
taking place rapidly. The most important of these was the invention 
of the reaper. About the same time great improvements were made 
in plows, haying machinery, and thrashers. . 

As a result of these improvements the average farm family was 
able to farm a much larger area. For this reason the farms estab- 
lished in the West were larger than those of the older settled portions 
of the East, and production on them was less costly. The small farms 
of the East were not in position to compete va the larger farms on 
the rich soils of the West. 

Fable I gives some idea of the profound dieses that are in 

eastern agriculture during this decade. At the beginning of the dec- 
ade swine were the most numerous farm animals in Chester County, 
there being 64,500 of them. By 1850 their number had fallen to 
36,600. The eapud most important animal, from the standpoint of 
numbers, was sheep. This industry suffered more severely than the 
swine industry, the decrease during the 10-year period being from 
56,700 to 13,400. In 1840 Chester County had 45,000 cattle, exclusive 
of dairy cows. These were mainly beef cattle. But the county was 
unable to compete with the West in the production of beef, and the 
industry declined rapidly, the decline continuing till 1890, at which 
time cattle other than dairy cows had decreased to 12,000 head. Since 
that time there has been some increase in these cattle. 
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TasBLe I.—Census data showing changes in the agriculture of Chester County. 


Live stock and crops. 1840 1850 1860 1870 1880 1890 1900 1910 


BNI UNIS! Goya x aj a we aw nine wins er<'eio ioe = 16,000 | 19,604 | 25,900 | 32,700 | 42,400 | 49,300 | 45,700 | 45, 400 
epemmcattles sees el 45,000 | 35,500 | 29,900 | 21,100 | 18,400 | 12,000 | 21,700 | 19,700 
DE Ei esate tajanicicta/c oiseolc w's,c'c =< 64,500 | 36,600 | 31,500 | 28,200 | 34,000 | 35,600 | 30,500 | 21,400 
ee a eee a 56,700 | 13,400 | 11,700 | 13,100 | 15,100 | 11,200] 9/900| 5,300 
Milk sold (thousands of gallons)......|......-.|....----|-.------ 1,598 | 5,759 | 24,000 17,038 | 20,206 
Butter produced (thousands of 
Aeon GIS) 0-2 Sa: oe Ste eee ee ees Scene EEaaaee 2,092 | 2,730| 2,848] 4,247] 1,628] 1,314 573 
heat (thousands of bushels). - ae 438 547 801 754 775 882 785 928 
Barley (thousands of bushels). . 45 2 5 1.6 9 32 aaa f.2 
Oats (thousands of bushels)... - 1,080} 1,146) 1,227] 1,034] 1,137 868 925 | 777 
Rye (thousands of bushels)... me 86 52 32 12 20 19 22 27 
Corn (thousands of bushels)...-....-.-.- 826} 1,389] 1,590| 1,540} 1,965) 1,959) 2,687 1, 882 
Hay and forage (thousands of tons)... - 78 96 94 115 126 162 131 142 


There were 16,000 dairy cows in Chester County in 1840. The num- 
bers increased rather rapidly till 1890, since which time there has been 
a slow decrease, due mainly to a decrease in the area of improved land 
and to scarcity of farm labor. In 1840 dairy cows were kept mainly 
for production of home supplies and a small amount of butter for 
sale. In 1850 slightly more than 2,000,000 pounds of butter were pro- 
duced. This production increased until about 1880, having doubled 
in this time. Since then the amount has decreased to less than one- 
seventh of the former maximum. 

About 1870 the city of Philadelphia began reaching out into 
Chester County for market milk, the county supplying 1,600,000 
gallons in that year. From 1870 to 1890 this industry increased enor- 
mously, reaching 24,000,000 gallons in the latter year. Since that time 
the business has decreased slightly, owing mainly to the decrease in 
the area of improved Jand. Corn has always been an important crop 
in this region, being second only to hay in acreage. Its relative im- 
portance is increasing. Wheat follows corn in acreage and has main- 
tained about its present status for the past century. 

Oats were formerly an important crop, but since 1890 there has 
been a gradual decrease, until at the present time they occupy only 
half the area of wheat in the county as a whole and only one-third in 
the surveyed area. 

Hay has always been important and its production increased 
steadily to 1890. During the next 10 years it decreased considerably, 
mainly because of the decrease in the area of improved land. 

There has been a gradual increase in potato production in Chester 
County since its early history, though the crop has never been an 
important one. 

Previous to 1840 rye and barley were important crops in the county. 
Barley practically disappeared during the panic of the forties. Rye 
decreased steadily until 1870, since which time there has been a slow 
increase, though it is still an unimportant crop. 
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The production of clover and grass seed was an important industry 
in Chester County in 1840, but gradually declined and practically 
disappeared about 1890. 

About 1880 a tobacco furore broke out in the county. For a féw 
years the area increased enormously, having spread from the adjoin- 
ing county of Lancaster. But the craze for tobacco lasted only a 
few years. Prices were disappointing and the prejudices of the farm- 
ing people against the crop militated against its continuance. In the 
area surveyed tobacco was found on only three farms, two of them 
being tenant farms. 


FARMS CLASSIFIED BY TENURE. 


Of the 643 farms included in this survey 449 were operated by 
their owners, 17 were operated by farmers who owned part of the 
land and rented additional land, and 7 were operated by owners who 
rented out a part of their farms. There were 57 tenants paying cash 
rent, 75 paying a half share, and 14 who furnished only labor and 
received one-third of the products of the farm. There were three 
other tenants who rented land from more than one landlord and 21 
of the records were incomplete and were hence discarded. 

The 449 farms operated entirely by their owners were subdivided 
as follows: 878 farms on which the farmer himself took a man’s part 
in the work of the farm; 16 farms owned and managed by women who 
did none of the farm work; 27 farms devoted wholly or in part to a 
hothouse business, mainly mushrooms, though in two cases carnations 
were grown; 1 owner received more than half of his income from 
business not connected with his farm; 24 farms were either operated 
by hired managers who received a salary or were owned by physicians 
er other professional men who are not really farmers but who main- 
tain country homes; finally, there were 3 small truck farms whose 
owners bought and sold additional truck-crop products. 

-A careful examination of the tabulations in the following pages 
will show that the comparisons on which this bulletin is based could 
not well be made between the various groups mentioned above. The 
work is therefore limited to the 378 farms operated by owners who 
took full part in the work of the farm, except where otherwise noted 
in the text. 

Brief reference is made to the 27 farms maintaining a hothouse 
business, and there is also a somewhat extended discussion concerning 
two of the classes of tenant farms mentioned above. - 


SIZE OF FARM AND UTILIZATION OF LAND. 


Table II shows the sizes of farms found in the surveyed area, the 
number in each size group, and the manner in which the land is 
utilized. The farms were first grouped into the sizes shown in the 
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first column. of Table II. It will be observed that the number of 
farms is nearly uniform in the various size groups up to farms of 
120 acres. Beyond this the numbers drop off so rapidly that in order 
to secure numbers sufficient for reliable averages it was necessary to 
use wider size limits in the groups. The average size of farms in 
the various groups ranges from 28 acres in the smallest to 203 in the 
largest, the average of the 378 farms being 90 acres. Of this, 71 per 
cent is tillable and 61 per cent actually devoted to harvested crops. 
Ten per cent of the entire farm area is represented by pasture on 
tillable land, 11 per cent by pasture on untillable land, 9 per cent by 
woodland, while the remaining 9 per cent represents waste land, 
roads, building sites, etc. 


TABLE II.—Size of farms, utilization of land, value of real estate, percentage of 
pasture, and crop and pasture area per animal unit, 378 Chester County 
farms operated by their owners. 


Value 
Num- | Aver- | Tilla- Tilla- of real : 
Sizes of farm inacres.| ber of | age ble Crop | ble pas- Other 4 bods Nase estate aoe 
farms. | size. area. GH e. BASuLes ge aHe> Bath per ake 
acre 
Acres. | Per ct. | Per ct. | Per ct. | Per ct.| Per ct.| Per ct. Per ct. 
2) 1 ORS eee 54 28 75 67 8 9 5 11 $123 21 
BOBEOROOS <6 otc Sorc oc'0. 61 52 72 62 10 10 8 10 94 24 
DIBLOISO Ie. ss scsces- 60 73 72 63 9 11 7 10 94 24 
BtOMOO:. 2. .2---22- 68 93 71 62 9 10 10 9 91 23 
ROE tON20!...-..-- 22. 52 110 71 60 10 12 8 10 86 27 
PEO LGOL sec. sa. - 61 136 66 58 7 13 11 11 84 26 
161 to Si Bee eee 22 203 7 58 14 10 11 7 87 29 
JUG 378 90 71 81 10 11 9 9 90 25 


1 Per cent pasture is of total crop and pasture area. 


The proportion of tillable land is approximately the same on farms 
of all sizes, being somewhat smaller on the larger farms, though in 
the very largest group it is above the average. The per cent of crop 
area decreases as the size of farm increases, ranging from 67 per 
cent of the entire farm in the smallest group to 58 per cent in the 
largest. The pasture area increases slightly with increase in size of 
farm, as does also the woodland. The percentage of waste land is 
about the same on all the groups except the largest, where it is some- 
what smaller than the average. 

The last column of this table shows the percentage of the combined 
crop and pasture area consisting of pasture. This increases consid- 
erably on the larger farms, ranging from 21 per cent to 29 per cent 
and averaging 25 per cent. 

The preceding column shows the value per acre of the real estate in 
1911, the year to which this survey relates (more accurately, Mar. 
1, 1911, to Mar. 1, 1912). The average for the entire 378 farms was 
$90. With the exception of the last group, consisting of the largest 
farms in the area, there is a gradual and considerable decrease in 
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price per acre with increase in size of farm, due largely to relatively 
greater cost of buildings on the smaller farms. There is a slight 
increase in the last group as compared with the preceding one, due 
largely to the fact that a considerable number of these large farms 
are owned by wealthy men who have had the capital to secure choice 
land, and install somewhat elaborate equipment. Since that time 
there has been a marked increase in the price of land in this section. 

The reason for the general prevalence of farms of small to moderate 
size in this region 1s largely historical. These farms were established 
at a time when improved farm machinery was not available and when 
in consequence the ordinary farm family could farm only a small 
area. At that time farmers produced practically all their food and 
clothing, and they produced very little surplus for the markets. 
Under such circumstances only a small proportion of the population 
could live in cities, for the farm population could not feed such mul- 
titudes as are found in our modern cities. When competition with 
the West brought on the panic of the forties, it became necessary for 
the farmers of the North Atlantic States to increase the magnitude 
of their business in order to meet the competition with these larger 
farms of the West. There were two methods of doing this. One was 
to secure more land; the other was to farm more intensively. Most 
eastern farmers chose the latter because it represented the line of 
least resistance. 

In locations favorable to fruit and truck growing these industries 
developed enormously in this general region. So great became the 
production, especially of vegetables, that the business was gradually 
crowded off of all except the most favorably situated areas of very 
light soil, which could throw their products on the market very early 
in the season and thus get the advantage of the high prices which 
prevail before the markets are overstocked. The business, therefore, 
became practically impossible on the heavier types of soil. The only 
other methods of developing intensive farming were dairying, poul- 
try raising, and tobacco growing. Several localities in the North 
Atlantic States particularly adapted to the production of high-grade 
tobacco have developed this business extensively. One of the im- 
portant tobacco-growing areas is in Lancaster County, just west of 
Chester. Poultry are found on practically all farms in the North 
Atlantic States, and here and there over this entire territory are 
many farms devoted mainly to this business. 

But the type of intensive farming available to the largest number 
of eastern farmers was dairying, and this whole region has become 
one of the most intensive dairy regions on the continent. This was 
the course taken by the farmers of Chester County, dairy products 
constituting by far the most important source of income, ~ 


Ras 
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TYPES OF FARMING. 


One of the worst mistakes a farmer can make is to choose unwisely 


‘the enterprises that are to constitute the basis of his farm busi- 


ness. The swiftness with which disaster overtakes the man who 
makes a serious mistake of this kind causes the rapid elimination of 


_types of farming wholly unfit in a given locality, so that, at least in 


the older sections of the country, we seldom find types of farming 
distinctly unsuited to their surroundings. But serious errors of this 
kind are made on a large scale in certain regions which are now un- 
dergoing settlement, and in others where real estate promotion 
schemes are based on the utterly false assumption that merely because 
the soil and climate of a region are adapted to the most intensive 
types of farming all the land can be devoted to the production of 
the most intensive crops without reference to the possibility of 
marketing the products. 

In all sections of the country changes in economic or other con- 
ditions sometimes render well-established types of farming unsatis- 
factory, and it becomes necessary for farmers to make more or less 
radical changes in their practice. Attention has already been called 
to the changes in the eastern States which began about 1840, and 
which involved the practical destruction of the eastern sheep in- 
dustry and a very great reduction in the importance of beef cattle 
and swine in the same region. 

Another example of the effect of changes in economic. conditions 
necessitating changes in type of farming is seen in the gradual 
transfer in recent years of the butter-making industry. from the 
Eastern States to the Middle West. In the latter region, because 
of the larger size of the farms, the greater natural fertility of the 
soil, and the more general use of labor-saving machinery, grains and 
forage can be produced more cheaply than in the North Atlantic 
States. Early in the history of the Middle West the quantity of grain 
and forage produced made feedstuffs very cheap, and especially in the 
northern portion of the region the production of butter gradually 
became one of the leading industries. In some localities, especially 
in Wisconsin, cheese making also became a dominant enterprise. 
Butter and cheese can be shipped to eastern cities at relatively small 
expense. Under these conditions the makers of butter and cheese 
in the Eastern States found themselves hard pressed by the competi- 
tion from the West. A severe depression followed, and even yet the 
price of farm land in the East is only just beginning to reflect the 
better times that succeeded with the general development of the 
market-milk industry incidental to the enormous growth of eastern 
cities. Both butter and cheese making have been largely transferred 
to the West during the past third of a century. 
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Such marked changes in type of farming as have just been men- 
tioned practically never occur except as the result of a permanent. 
change in economic or other conditions affecting the profitableness 
of types of farming. Since the market-milk business rose to promi- 
nence in the area here under consideration agriculture has remained 
remarkably stable, and the types of farming found are, in the main, 
those adapted to the prevailing conditions. Occasionally, however, 
a farm is found on which a wrong type has been undertaken. This is 
because the forces which determine type of farming are not generally 
understood. Even when most of the farmers of a region are follow- 
ing the types of farming they should follow, it is not clearly under- 
stood that this is the case, a statement the truth of which is proved 
by the fact that a considerable proportion of the farmers in almost. 
every locality have undertaken things that are well-nigh impossible 
under their conditions. Now a farm-management survey may be 
made to show what types of farming are producing the best results 
in the region surveyed. As will appear later, the results set forth 
in this bulletin indicate quite clearly what local practices are most 
profitable, at least in many cases. These results should be useful to 
those who are already following the best practice by confirming their 
judgment and thus preventing possible departure from the best 
practice through lack of knowledge of what is best. It should 
help those who are making mistakes by pointing out to them wherein 
they are in error. 

The conclusions reached in this bulletin concerning cropping sys- 
tems and types of farming best suited to the conditions of this region 
will undoubtedly apply to a much wider area than that from which 
they are directly drawn—in short, to practically all localities in this 
general region in which similar conditions prevail. 

Type of farming is determined by the enterprises which constitute 
the basis of the farm business; that is, by the crops grown, the live 
stock kept, etc. But since the importance of an enterprise depends 
on the income from it, it is customary to classify farms according to 
sources of income. Ordinarily, when any one enterprise produces 
as much as 40 per cent of the income of a farm, the farm is said to 
belong to the type represented by that enterprise. Relatively few 
farms have this large a proportion of income from a single enter- 
prise, so that in most cases it is necessary to mention more than one 
source of income in describing the type of a particular farm. The 
farms in the area here under consideration will be considered, first, 
from the standpoint of the crops grown; second, from the standpoint 
of the live stock kept; and, third, from the standpoint of the amount 
of income from different sources. 
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CROPS. 


The type of cropping system which is most general in Chester 
County consists of a rotation beginning with corn the first year. 
The second year is usually divided between corn and potatoes or 
oats and potatoes or corn and oats or corn, potatoes, and oats. Wheat 
occupies the third year, and is followed by grass, usually timothy 
and clover, which is ordinarily cut for hay for two years before the 
sod is broken up for corn, though local practice differs considerably 
as to the number of years the grass is left down. There are, of 
course, numerous modifications of this general scheme. These will 
be discussed later. The actual acreage of each of the more important 
crops on the 378 farms operated by their owners is shown graphically 
in figure 5. The same data are shown in percentages in Table ITI. 
Hay is seen to occupy twice the area of corn, its closest competitor. 
Wheat is third, occupying 18.2 per cent of the total crop area: oats 


HUNDREDS OF ACRES 
24 32 40 48 56 


CORN 
WHEAT 


OATS 


POTATOES 


FRUIT 


TRUCK 


Fic. 5.—Acres of the more important crops on 378 Chester County (Pa.) farms operated by 
their owners. 


, 


are fourth, with 6.4 per cent, and potatoes are fifth, with 6 per cent. 
Fruit is grown on 2.5 per cent of the cropped land. In this survey 
no account was taken of kitchen gardens. These probably occupied 
about one-third as much land as the orchards. The farmers of this 
region grow garden vegetables very generally in sufficient quantity 
for home use. The truck-crop acreage given in Table III repre- 
sents commercial truck crops, which are seen to be of relatively 
small importance in this area. 

That the area included in this survey is fairly representative of 
Chester County as a whole is shown by the census data for the 
entire county given in the third column of Table III. Potatoes and 
hay are a little more important in this area than in the county as a 
whole, while oats are somewhat less important. Commercial truck 
crops, special crops, especially tobacco, and miscellaneous crops occur 
somewhat more frequently in other parts of the county than they do 
in the locality of the survey. 

14138°—Bull. 341—16——2 
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Taste II1I.—Percentage of crop area devoted to each crop; 378 Pennsylwania 
owners. 


[Illinois survey data and Chester County census figures included for comparison.] 


Total crop area. 


Crop. 378 Penn- Chester aL Re 
/ : Sylvania | 1910 census (onl 
owners. figure. Ps 
Per cent. Per cent. Per cent. 
Potalicorrts FAT SESS ee ee ae ee ee ee ee 22.3 22.1 53. 9 
Potahoese Fis eee Seen ck Cane ok a Lie Ae Sas ee ae eee een eae 6.0 4.8 (a) 
Wihea te oie Perens Re Be See a ee ae = ee 18.2 18.0 18.7 
Qats a5 322 ae ee ee as aa 6.4 9.9 18.9 
Tobalhay see. £2. 2. 3 HG gas hae 5a Joe Pe ee ee 44.0 39. 0 7.3 
TUG Ss cote SRA ae geek Te Ve Oe ee ne See neem 2.5 DEB) |Waaketieeee 
WUC soit Seer eer ee ree yee sce ae Oe eee ey eee Seiya eee eee ee -3 SM vec sees 
Special Crops. oss see7 seis Ls es eS eS ee oe eee (a) MON acon eee oe 
Miscellaneous crops......--..--...-.-- ede e595 345 0h SE es ere 683 20]° | 1.2 
Motaligsi27). £252 Sue as Fc TS SS eRe Ra eee N Rh eae 100. 0 100. 0 100. 0 
Total tilled crops (field)........-....-..---.----- bcd Us ee ee 28.3 26. 9 53. 9 
Totalismatl crain: s52cyes eG Ee . Pees es Ee Lepealy eee ee eee 24.7 28.7 37.6 
Hor! Nah pe eee nee ae Delos ak tae ene Gs Eh Webs Sake Sn St 44.0 39. 0 1633 


a Less than one-haif of 0.1 per cent. 


The: reasons why these various crops occupy the places they do in 
the ‘agriculture of this region will be discussed in some. detail in 
another portion of this bulletin. ° 

For the sake of comparison, the percentage area is given in ‘Table 
III for the various crops on a group of Illinois farms included in a 
survey and reported in Bulletin 41 of this department. 1 Wheat is 
the only crop which occupies a similar status in the two localities. In 
the corn-belt.area corn occupies more than twice the area it does in 
Chester County. This is not so much because corn is so much better 
adapted to the western locality; in fact, the yield of corn per acre 
is considerably higher on the Deometes oe farms than it is on the 
Illinois farms. It is due rather to the fact that economic conditions 
in the western locality are not so favorable to other crops as ey 
are in the East. 

~The most striking difference between the two regions is the 
difference in the relative acreage of hay. Hay does just as well in 
Tllinois as it does in Pennsylvania, but economic and other conditions 
are not so favorable for its production. In the first place, beef cattle and 
hogs, which are the dominant productive live stock in the Illinois area, 
consume much less hay than do dairy cattle, which are the dominant 
type in Chester County. In the second place, the price of hay in the 
West is much less than it is in the East. We have here an excellent 
illustration of the fact that conditions other than soil and climate 
must be taken into consideration in determining what crops the 
farmer should grow. | 


1A Farm-Management Survey of Three Representative Areas in Indiana, Illinois, and 
Iowa, 1914. 
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Miscellaneous crops.—The special and miscellaneous crops referred 
o in Table III were as follows: Corn for soiling, 36 farms, with 
in average of about 1 acre each; sweet corn, 9 farms, with 1.2 acres 
yer farm; millet, an average of 3 acres on each of 35 farms; oat 
ay, 22 farms, with an average of 3.25 acres; alfalfa, 18 farms, with 
in average of 4.8 acres each, a total of 78.75 acres of this crop. 
Since this survey was made the area of alfalfa has increased con- 
siderably in this locality. A small acreage of each of the following 
‘rops was found on from one to six farms each: Rye, peas and oats, 
nillet and rye, oats and rye, peas, barley, kafir corn and peas, and 
vheat, all for hay; for grain, rye, barley, and a mixture of oats and 
pelt; for seed, timothy, clover; tobacco, 5 acres on one farm; for 
oiling, rye, oats, peas and oats; for forage, beets on six farms and 
urnips on one farm; one-half acre of broom corn on one farm. 

In a locality where there is much difference in type of farming on 
lifferent farms, it is usual for the smaller farms to be devoted to the 
nore intensive types of farming, though intensive enterprises may 
ilso occur on farms of any size.. By an intensive enterprise is meant 
me which requires a relatively large amount of labor and capital 
or its conduct. Vegetable growing, fruit culture, and the hothouse 
yusiness are intensive enterprises. Poultry farming is an intensive 
ype of live-stock farming. Dairying is relatively intensive com- 
yared with sheep and beef-cattle farming. It may assume quite an 
ntensive form, as when a large herd is maintained on a relatively 
mall farm. 

Aside from the hothouse business, which was found on 27 farms in 
his survey, there is relatively little intensive crop farming in this 
irea. The reasons for this will be given later. On the remaining 
‘arms there is not much difference in type of farming on farms of 
lifferent size. This is largely due to the predominance of dairying; 
he few farms having no dairy cows do not affect materially the 
iverages of the various size groups. 

The percentage area of the various crops on farms of different 
ize is shown in Table IV for the 378 owner farms. The total per- 
‘entage of corn acreage is about the same in each of the groups. 
[The proportion of corn cut for silage increases noticeably on the 
arger farms, but this is due to the larger number of cows on these 
‘arms, not to any difference in type of farming. 

The percentage of potato acreage is smaller on the large farms than 
m the small ones, but the actual acreage of this crop is larger on the 
arge farms. The acreage of potatoes does not increase in the same 
‘atio as the size of farm. The percentage of wheat acreage is re- 
narkably uniform in the various size groups. This merely shows 
10w firmly this crop is established in the local agriculture. It fur- 
uishes the needed straw for bedding, and acts as a nurse crop for the 
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more important hay crop. Only 22 of the entire number of owner 
farms—378—grew no wheat in 1911. 


Tarte IV.—Per cent of area in various crops by size of farms on 378 owner 
farms, Chester County. 


Acre groupS.........- 13 to 40. | 41 to 60. | 61 to 80. | 81 to 100. |101 to 120.)121 to 160.| Over 160. | Ali farms. 
eee a as See aan kr cass i. 
~Number of farms..... 54 61 60 68 52 61 22 378 
COs soe sbdpepsessese 23.7 22.1 20. 5 19. 6 20. 4 18. 2 18.3 19.8 
BIUAO Ree ene see es 6 -2 13 2.0 3.0 2.8 5.7 2.5 
Total corn... .. 24.3 22.3 21.8 21.6 23. 4 21.0 24.0 22.3 
Botatoeseee-seeeseeee 7.9 8.5 5.8 6.8 5.9 4.9 4.9 6.0 
Wiheath eer sea teense. 17.4 18.9 19.5 18.3 17.6 18. 3 16.9. 18.2 
Onibeiaeseescoseasoes 4.8 5.3 6.3 6.7 6.1 6. 4 7.5 6. 4 
Hay tec hieeeeeet 39. 9 40. 2 44.3 43.8 42.7 47.2 44.6 44.0 
TUG is Seis cieeeene 3.7 3.0 22 2.3 3.8 1.9 1.5 2.5 
DTU Ck AS ice cote 1.5 1.4 1 al oe, ail .3 3 
Specialiagy 5 eras es ke eee aoe fe Eee eee Pee eens | ner noes ols. es scoon|saccoecuas | Seaematraoc 
Miscellaneous 0...... at) BO bees eel ee 4 3 a2) 3 .3 
Potala: 100. 0 100. 0 100. 0 100. 0 100. 0 100. 0 100. 0 100. 0 
a Tobacco. b Millet, rye, etc. 


The percentage of oats increases slightly as the size of farm in- 
creases. This is because the smaller farms can ill afford to devote 
their scant acres to so unprofitable a crop. The owners of the larger 
farms can afford to indulge their fancy for this excellent but usually 
expensive horse feed. As will be pointed out later, it would probably 
pay to replace oats by an annual hay crop in this region. 

The percentage of hay acreage increases slightly with increase in 
size of farm. Hay is one of the most salable crop products produced 
in this region and brings excellent prices. Hay is also a crop which 
requires relatively little labor. The smaller farmer devotes more of 
his land to crops that give him more days’ work per acre. The larger 
farmer already has enough field work to keep him busy and can 
hence afford to put a larger proportion of his land in hay. 

Farms that carry a very large complement of live stock in this 
region put more of their land in corn and less in hay than those hav- 
ing less stock. They, of course, sell less hay, and the greater area of 
corn saves buying a corresponding amount of concentrated feeding 
stuffs. 

The fruit orchards of this region are almost entirely for home use. 
The actual acreage is about the same on farms of all sizes, which 
accounts for the gradual decrease in percentage area with increase 
in size of farm. 

Very little commercial vegetable growing is done-in this area. 
What little is done, however, is seen to occupy a greater percentage 


‘area on the smaller farms, which is in keeping with the general ten- 


dency for small farms to be conducted more intensively than larger 
farms. If truck farming were well adapted to this area, there would 
undoubtedly be more of it, especially on the smaller farms. _ 
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LIVE STOCK. 


The dairy cow is by far the most important farm animal in the 
Yhester County area. This is shown very clearly in figure 6 and in 
fable V. Figure 6 shows the average number per farm of animals 
nd animal units of each of the various classes.1_ There is an average 
yf nearly 11 milk cows per farm for the 378 farms operated by their 
ywners. 


KIND OF 
ANIMALS 


NUMBER ANIMAL UNITS PER FARM 


DAIRY COWS 


BEEF COWS 


BULLS 


YOUNG CATTLE 


STEERS 


HORSES 


COLTS 


SHEEP 


HOGS 


POULTRY 


Fic. 6..—_Number of animal units per farm; 378 Chester County (Pa.) owner farms. 


‘“APLE V.—Distribution of animals and animal units on 3878 owner farms, Chester 


County. 

Average Total Per cent of 
Kind of live stock. number of animal |total animal 

animals. units. units. 
Sy CONG dc DenBB CPSC Or GON OR CEO SEE: BORDER Sere ai arr eines 10.9 10.9 56, 2 
GL CON Bb oe COG Ane Gee Ge OE OE Ean Oe ee a eens ena eee reece aul ll -5 
UIT ant COD OCU SBC E SBE ee eee aiiaaae Es B Sheu aECoEe En SaSee 25 35) 2.6 
RUDE PAC SHULL Ge ae ae cio aa no NDS octets Asters aretha ore oamaeieielstos 2.5 196) 6.7 
LETS accent SEE Reape eae Ete CORRE a ae eS .6 .6 3.1 
US OSMPNSE SN ase SN Lee a aaa Ae Min cee eee Eek ets kittasatiead anaes 3.9 3.9 20.1 
SUAS 2. code #206 ACG OC BREE TORO BOE CRS CE Se cee ee ean a rs .4 Ae 1.0 
TBD go de EO OUR ISU DER IOE OEe Ea SC EE an pe Oy Fae ee 1.4 eal 1.1 
CUES oo ceioe oto 5 ODS ORS GIB SGHE OBE D SE Bee a EAE He BER E ae e arene 2.4 .6 3} il 
RSTELL Ip Vener ee ee ae ke ak ere Pr Eee Re A ade fb 2 oe 99. 2 .99 5.6 
19.3 100.0 


-The number of young cattle is only about one-fourth that of 
nature cows. Since in order to keep up both numbers and quality 


n dairy herds it is necessary to keep about 50 per cent as many 
oung stock as mature cows, it is clear that Chester County farmers 


re not raising sufficient young stock to keep up their herds. It will 
ater be seen that the major portion of the cows are bought. The 
eason for this is that the production of market milk is the dominant 


1An animal unit is a mature horse or cow or as many smaller animals as require the 
-ed of a horse or cow, namely, 2 head of young cattle, 5 hogs, 7 sheep, or 100 hens. 


--+ oye 
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type of dairying in this region, which leaves no skim milk for the 
young stock. Farmers have felt that they could buy cows more 
cheaply than they could be raised on the high-priced milk available. 
In general this has been true until quite recently, but in recent years 
the prices Chester County farmers have had to pay for cows have 
risen until at the present time raising has become at least as cheap 
as buying. Since this survey was made (1911-12) many more calves 
have been saved by these farmers than formerly, and the proportion 
of cows bought is now less than it was a few years ago. This has an 
important bearing on the question of herd improvement. It is a very 
difficult matter to-buy cows of high quality, and high productive 
capacity on the part of the dairy cow, as will later be shown, is one 
of the most important problems confronting Chester County farmers. 

The horses kept on Chester County farms are mainly work animals. 
Less than one farm in three raises colts. Horse raising is thus not 
an important feature of the local farming, and the practice of buy- 
ing western horses to feed for sale, which is common in some Cen- 
tral Western States, is here Fanner ace Tks unknown. 

Excepting dairy cattle and horses, poultry are the most important 
farm animals. The average number of hens per farm is almost 
exactly 100, or 1-animal Sai The status of poultry as a farm 
enterprise in this region will be considered in detail later. Nearly 
every farm keeps some poultry, but there are very few real poultry 
farms. 

A few hogs are kept on most farms, but the absence of skim milk, 
together with high local prices for grain, makes the hog a relatively 
unimportant enterprise here. Hogs are kept mainly for home sup- 
plies, though some farmers realize considerable cash income from 
this source. 

Beef cattle and sheep were found on only a few farms neh. Most 
of these were farms where labor was scarce and difficult to obtain. 

Table VI shows the acres per animal unit for each of. the size 
groups. Taking the live stock as a whole, there is about the same 
intensity of stocking in each group, the average acres of crops per 
animal unit being 3.47 and the acres of pasture 1.18. The average 
area of crops per dairy cow is 4.89 acres. The area of pasture per 
animal unit increases quite markedly with increase in size of farm. 
This is to be expected, since the larger the farm the less intensive the 
farming must be for satisfactory results. 

The heaviest stocking with dairy cows is found in the 41 to 60 
acre group and in the 101 to 120 acre group. The reason for this will 
be brought out later. The two largest groups have relatively fewest 
cows per given area of crops, or, what is the same thing, relatively 
the largest acreage of crops per cow. 
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~~ Tasie VI.—/ntensity of live-stock farming on 878 owner farms, Chester County. 


Acres per animal 


unit. Crop 
. . "4 y 
Size of farms in acres. ae ee a ereee acres 
a : per cow. 


Crops. | Pasture. 


Acres 

MLE ere Eide a Fs POSES t cas aOs sine wah obs «we 54 28 3. 41 0. 88 4. 82 
UL cats aah ra Gs Sc) Sicfaiaicisieiam:e clare annie ican s.5 61 52 Bane 1.08 4. 46 
OM =. CASS aU eR SSS oa a 60 73 3. 45 1.10 5. 02 
no) 11D oe SoS eS Sepa eee ea 68 93 3. £8 1.08 4. 93 
hn LO ee ee ee a ee ee ee 52 110 Baol 1. 23 4, 31 
SPREE UREN Ree Pic nots ain coat icine ole e\ooseisiae Saw eece 61 136 3. 61 1.27 5. 20 
Jide 5 SASS er Fee ae ee ee eee 22 203 3. 39 1. 41 5. 44 

OUUGTGCYS Be Soe Ci I tn a 378 90 3.47 1.18 4, 89 


The relative intensity of the various live-stock enterprises on 
farms of different size is shown in more detail in Table VII. Except 
in the case of bulls and colts, this table gives the number of animal - 
units per hundred acres of crops. 


TABLE VII.—Average number of animal units per 100 acres of crops for different 
kinds of live stock on 378 owner farms, Chester County. 


Size of farms in acres. 


Kind of live stock. Allfarms, 
40 or less.| 41 to 60. | 61 to 80. | 81 to 100. |101 to 120. 121 to 160.) Over 160. 
Dairy cows.. sea 20.3 21.2 19.1 19.7 23.2 19.2 18. 4 20.4 
Beef cows... a 3 8 SS Lee meee es el re ES Se ee ee 3 
Young cattle 1.6 250. 2.0 74.3) 253 2.4 2.6 2.4 
Busia... al 4 4 6 8 ST 8 of 
Steers... P| ae) HES OT eee ee Sayers .8 4.6 1.2 
Horses Tiny) 8.9 Use 7.2 6.8 6.2 6.3 HEP 
Colts a aa & eo 4 4 57 6 124 
SiLGG]D< ly SS 8 el | ee at! ail .2 .8 4 St 4 
Bere iepato wis cineca «'s/0-c 1.6 9 4 9 9 2.0 1.2 1.1 
Meihnyaey. Std ose eke 4.5 27, 2.5 Oat 1.5 1.4 a7 2.0 


a Number of animals per farin. 


Attention is called to the fact that farms of 41 to 60 acres and 
those of 101 to 120 acres are relatively more heavily stocked with 
dairy cows than are farms of other sizes. This is believed to be 
due to the fact that the first of these two groups represents farms of 
about the proper size for one-man dairy farms, while the second is 
made up of farms about the proper size for two-man dairy farms. 
Evidence of this will appear in other tabulations, 

The number of hens per farm is approximately the same for each of 
the size groups. For this reason the number per hundred acres of crops 


decreases in about the same proportion that size of farm increases. 


The number of horses increases slightly as the size of farm in- 
creases, but not in the same proportion, so that there is some decrease 
in the number per hundred acres of crops on the larger farms. 

The cattle reported as beef cows in Table VII are really dairy 
cows which are not milked but which are utilized in raising calves 
bought from near-by dairy farms that dispose of their calves at 
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birth. Only a few such herds were encountered in this survey, and 
they produced very poor returns to their owners. They were mostly 
on farms where labor for the care of a dairy herd was wanting. 

On each of the 378 owner farms of this area herds of dairy cows 
numbering up to about 25 were found to be fairly common. One 
herd of 55 and another of 80 cows were found. There were a 
good many very small herds, especially on the smaller farms. The 
young stock, which are incidental to the dairy herd, are not nearly 
so numerous as they should be in order to maintain the herds. 

The number of bulls is about the same on farms of all sizes, but a 
larger proportion of the larger farmers own their bulls. In a good 
many cases bulls are owned in partnership, or a farm may keep a 
bull only part of the year. This accounts for the number of cases 
of less than one bull per farm. Only four farms were found having 
more than one bull. 

Forty-two steers were found on one farm and 39 on ‘another. 
Three other farms had from 20 to 24. On 19 farms 10 or fewer 
steers were present. Three other farms had fed a few steers during 
the year but had none on hand either at the beginning or the end 
of the year. Three of the five largest herds of steers were found on 
farms belonging to the largest size group. The other two were on 
farms which are somewhat too large for one-man exclusive dairy 
farms and too small for two-man farms of this type. 

One or more colts were found on 112 of the 378 farms, the largest 
number on any one farm being 4. Several farms had colts either 
at the beginning or at the end of the year, but not both, which ac- 
counts for the cases of less than one colt. About 3 farms in 10 raise 
colts in this area. 

Small flocks of breeding ewes were found on 14 farms. Only three 
of these kept sheep other than the breeding flock. 

Brood sows were found quite generally, but in no case did the num- 
ber exceed six. There was very little relation between the number of 
brood sows and the size of the farm. On the other hand, the larger 
farms fed more hogs than the small ones. 

Poultry were found on almost every farm, but the flocks seldom 
exceeded 100 hens. The largest flock consisted of 600. 


SOURCES OF INCOME AND PERCENTAGE OF RECEIPTS FROM EACH. 


Very few farms in the locality here under consideration can be 
classified as belonging to any single type other than dairying. Of 
the 878 farms operated by their owners, 157 obtain more than 40 per 
cent of their income from dairy products alone, to say nothing of the 
receipts from the sale of calves and discarded cows. The region is 
thus distinctly a dairy region, though we shall find a considerable 
degree of diversity in the local farming. 
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The sources of income on the 378 farms found in this survey, 
together with the proportion of receipts from each source, are given 


1 DEFINITIONS.—A number of terms which are used in the discussion which follow are 
more or less technical in character. These are defined below. 

The gross income of the farm is the sum of the receipts from all sources. The net 
income is the difference between the gross income and the farm expenses. In cases where 
no confusion is likely to arise from so doing, the net income will frequently be referred to 
simply as the farm income ; but where reference is made to income without qualification 
as to gross or net the gross income is usually meant. The context will always make clear 
the exact meaning intended. 

In most kinds of business the net income is referred to as the profits of the business, 
and this is usually expressed in percentage of the capital invested. The term “ profits’”’ is 
used in this sense especially in those cases in which every one connected with the business 
receives a salary. In such cases the net income is profit on the capital invested. But, in 
farming, the head of the business usually receives no salary; in this case the net income 
represents both interest on capital and the wages of the operator. 

In dividing the net income between interest on capital and wages of the operator there 
are clearly two ways of procedure. We may subtract the value of the farmer’s labor 
from the net income, and call the remainder the profit on capital. But there 
are very distinct advantages in dealing with the profits in farming in a different 
way. It will be fouud more advantageous to assume a rate of interest for capital in- 
vested, usually the current rate on well-secured farm loans, subtract the amount of this 
interest from the net income, and call what is left the labor income of the farmer. By 
using this labor income as the measure of efficiency in farming it will be seen that many 
useful comparisons can be made that would not be possible in any other way. In this 
bulletin it is assumed that capital is entitled to 5 per cent interest, and this figure is used 
except where otherwise stated. 

Adjusted labor income.—It will later be shown that the amount of the labor income 
depends largely on the magnitude of the farm business, and this in turn depends on the 
size of the farm, especially in the case of farms similarly organized and devoted to the 
same type of farming. Since on the great majority of farms in the Chester County 
(Pennsylvania) survey area the type of farming is quite similar, the size of the farm is 
the principal factor in determining the amount of the labor income. But in many cases it 
is desirable to study the effect of factors other than size of farm. That is, it will fre- 
quently be desirable to divide the whole number of farms into classes without reference to 
size, and to determine the relation between labor income and the basis on which the farms 
are grouped. This can be done very satisfactorily in many cases by using what in this 
bulletin is termed the adjusted labor income. This is a modification of labor income in 
such a way as to eliminate the influence of size of farm. The method is as follows: The 
farms are first divided into groups based on size (area) ; the average of the labor incomes 
in each size group is then calculated; the labor income of each farm in a group is then 
expressed in percentage of the average labor income of the size group to which that farm 
belongs. Thus, the average labor income in the 61 to 80 acre group of farms operated by 
their owners (see Table XXIII) is $730. On one of these farms the labor income was 
$584, or 80 per cent of the average for the group. The adjusted labor income of this 
farm is thus 80 per cent, or simply 80. In some of the tables the adjusted labor income 
is calculated in dollars, but in most cases it is expressed merely in percentage of the group 
averages. A very small farm having a labor income 80 per cent as great as the average of 
farms of similar size and type is regarded as being as efficient as a large farm having a 
much greater labor income, but which is 80 per cent of the average of the size group to 
which the larger farm belongs. It will be found that the use of this adjusted labor 
income permits many important comparisons that could not otherwise be made. 

Some writers on farm management limit the term profit to what is left of the net 
income after deducting interest on capital and wages for the farmer. This is clearly a use 
of the term inconsistent with the usual practice in the business world, but at the same 
time it serves to make a useful distinction. In this bulletin, however, the word “ profit” 
is used in its more usual sense, and frequently, where the meaning intended is clear, the 
labor income will be referred to as the profit of the farm. This is done to avoid frequent 
repetition of longer phrases, but it is believed no confusion will result, since the context 
will always show exactly the meaning in which the term is used. 

In this bulletin the 27 farms devoted either entirely or partly to the production of hot- 
house products are referred to as special farms; the 378 farms operated by their owners 
are usually referred to as owner farms; and the 124 farms operated by tenants are called 
tenant farms. Except where otherwise specifically stated, the discussions in this bulletin 
relate to the 378 farms operated by their owners. 
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in Table VIII. The same data are shown in graphic form in figure 7. 
In the case of potatoes it should be remarked that the price of this 
commodity for the year to which this study relates (1911-12) was 
very high, and this gives the crop a much greater apparent impor- 
tance than the facts justify. On the face of the returns for this year 
the potato crop occupies third place as a direct source of revenue. 
Under average conditions it would stand fifth or sixth in the area to 
which this study relates. This fact should be kept in mind in inter- 
preting the data given here. 


Taste VIII—Proportion of income from various enterprises on 378 Chester 
County farms operated by their owners and 78 Illinois farms. 


Per cent of total. 


Sources of income. 


378 Penn- Bi Bis 
sylvania i Eines 
farms. 5 

Dairy, products... sas si ie seas ate & cee eee oe ae eee See eee 39.1 0.9 
Dairy Catyle. cian ois iec yes Sucioetete eee ces etek ee ee a 5.0 2.2 
Beeheattle ness ec Sis Se ee sea scr ae acer re RN oe ee ae 1.5 23.6 
Horses, mules, ‘and! coltsis..2 9.5105 LN Site ES A i Sa ag 4 5.2 
Sheeprea-sesease Seki Posh ncaiee ace epee ae Saree ge Peon Smear Ae (ea ie a 5 3 
THORS ose a5 heaped arog Se cre are I eee A a a aC a 2.8 28.4 
Poultnyjandieseshass sees ee eee eee _ 8.2 1.9 
Miscellaneous receipts @........- 1.9 a) 
Increase in feed and supplies... 4.1 2.0 
Coy era pega STA SIE ep es ATO LUCE 2.3 19.3 

Botatoes eS eS Si eto Bee Be Tee ate 0 anc RMR) Rebate cSie UTE ee aE a 8.9 (b) 
Wheat SoS: Jc. sect nS A tata 9 die Ate ee At Seed CR re ee 8.5 10.7 
(OG) ee a ae aed ier sane Ren in erat Meme Seer NUIRA aA NaN WENT A ele Seo geek .2 3.7 
A oe aol Se Oia ERIE Gs Spake) 0 Deena day en Rn 14.3 4 
BU Gefen sce Oe Se OE ITED AT Rein ak (GP nfl mi) 
Tirta beg Sess iets sate See a et is es RG hs Gg pe 5 .0 
Miscellaneous Cropsieice st vos a2. Spee eee ae ry ee ee eee er 1.1 a) 
100.0 100.0 


a Labor, outside the farm, wood sold, etc. b Less than 0.1 per cent. 


Taking the community as a whole, we find dairying occupying the 
place of greatest prominence. If we add together the receipts from 
dairy products and those from the sale of calves and dairy cows, this 
industry is found to account for more than three times as great a pro- 
portion of the income on these farms as any other enterprise. Hay 
stands second, while wheat and poultry represent other important 
sources of income Ordinarily potatoes stand on a par with dairy 
cattle here. The remaining enterprises which are of sufficient magni- 
tude to be represented on the scale of figure 7 are hogs, corn, steers, 
straw, fruit, truck, sheep, horses and colts, and oats, in the order 
named. 

For the sake of comparison with a region where economic condi- 
tions are vastly different from those prevailing in Chester County, 
similar data are given in Table VIII for the group of Illinois farms 
previously mentioned. In this Illinois area the most important 
source of income is hogs, the percentage of income from them being 
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en times as great as it is in the Chester County area. Beef cattle 
ire nearly as important as hogs in the corn-belt area, and sixteen 
imes as much as in Chester County. As has already been seen, the 
yercentage of corn acreage in the Illinois area is more than twice as 
rreat as it is in the Chester County area. The Chester County farmer 
yrows a great deal of corn, it being his second most important crop. 
nut he uses most of this corn on the place. Many of the Illinois 
‘armers sell their corn, mostly to neighbors who feed their own as 
vell as their neighbor’s corn to hogs and beef cattle. Corn is thus 
he third largest source of direct income in the western area, while 
n the eastern one it stands eighth. Wheat is the only source of in- 
ome of approximately equal importance in the two localities. 


ENTERPRISES THOUSANDS OF DOLLARS 
120 150 180 


DAIRY PRODUCTS 
HAY 

POTATOES 
WHEAT 
POULTRY 

DAIRY CATTLE 
HOGS 

CORN 


STEERS 


STRAW 

FRUIT 

TRUCK 

SHEEP 

HORSES & COLTS 


OATS 


Fic. 7.—Sources and amount of receipts on 378 Chester County (Pa.) owner farms. 


MISCELLANEOUS SOURCES OF INCOME. 


In addition to the sources of income mentioned in Table VIII, the 
1umber of other farm products found here and there on a few farms 
s very small in the Chester County area. They are as follows: 
Seven farms sold a little corn fodder; five sold a little sweet corn; 
erage of $22 worth of chestnuts were sold from two farms; two 
old an average of $21 worth of rye; and the following products 
onstituted a source of income on one farm each: Sweet peas, $300; 
ornstalks, $50; tobacco, $616; millet, $84; clover seed, $90; timothy 
eed, $110; and broom corn, $24. 

The relation of sources oe income to size of 78 is shown in Table 
[X. The proportion of income from dairy products increases 
slightly till the group of farms of 101 to 120 acres is reached. The 
wo larger groups derive somewhat less of their income from this 
source than the last-named group. 
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TABLE [X.—Percentage of receipts from different sources, by size of farms, on 
378 Chester County farms operated by owners. 


Size of farms in acres.| 13 to 40. | 41 to 60. | 61 £0 86. | 81 to 100 |101t0 120. |121 to 160.| Over 160.) All farms. 


Number of farms....-. 54 61 60 68 52 61 22 378 


Source of income: Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
Dairy products... 28.9 33.1 35.9 38.0 48.1 39.5 40. 39.1 
Dairy cattle....-. 4.9 6.4 5.8 5.7 3.3 4.8 4.4 5.0 
Beef cattle_...... ~2 ral PA} .8 .0 1.8 4.8 1.5 
Horses: 2S. =.= Sil 333 1.4 eal a7 5 ae) A 
HOGS soe ens 4.5 2.8 1.2 2.8 2.6 3.8 2.3 2.8 
Sheep and wool.. .0 ail oll .3 9 A 1.1 aed 
Poultry and eggs. 18.7 11.6 11.7 8.5 6.0 6.4 3.3 8.2 

3s besiseeeneee 1.2 2.5 2.5 Dail 2.3 2.2 3A. 233 
Potstoes eee ae 9.3 12.4 8.6 11.0 8.2 6.9 Tos 8.9 
Wheat... 2422-58 5.8 8. 2 9.4 8.4 8.5 9.0 8.0 8.5 
OatsYaxece ieee -2 ae, ae, aul aa +2 a8} ~2 
Hay... 9.6 10.0 18.4 13.6 12.4 18.4 16.9 14.3 
Fruit. - 1.4 1.3 1.0 1.0 .6 5H 52} ait 
Trucks seee 35(0)) 1.8 ai sil 52 (@) “4 a) 
Special a il Py (| ee! (es es eee a eae lmeaabeaos oil 
Miscellaneous 0... eat 4,2 3-1 3.9 ey, 1.9 27 2.9 
Feed and sup- ; 

pliesic* 5. see 6.4 4.3 3.1 3.6 4.9 4.0 4,2 fe mace spk 


a Sweet peas, 1 farm; tobacco, 1 farm. 
b Miscellaneous crops (rye, millet, straw, etc.), labor, lumber, or rayeodl sold, etc. 
PD ogee tose Eee 

Tt will be noticed that the largest increase between two successive 
groups is between the 81 to 100 acre group and the next larger, 
while the second largest is between the 13 to 40 acre group and the 
41 to 60 acre group. As previously stated, there are indications in 
much of the data collected in this survey that the 41 to 60 acre farms 
are approximately the proper size for a one-man dairy farm in this 
locality, while the 101 to 120 acre farms appear to be about the 
proper size for a two-man dairy farm. Dairying is therefore rela- 
tively shghtly more important in these two groups than in the others. 
The third group (61 to 80 acres) is slightly too large for a one-man 
farm and yet not large enough for a two-man farm, as ordinarily 
organized. In this group wheat, hay, and beef cattle are all some- 
what more prominent sources of income than the position of these 
farms in this table calls for. Being rather large for a one-man exclu- 
sive dairy farm, some of these farms are conducted on a less intensive 
plan. The percentage of income from wheat in this group is the larg- 
est of that of all the groups, while the income from beef cattle is 
relatively larger than in any other group except the last, consisting 
of the largest farms found in the survey. 

The 81 to 100 acre group of farms approaches nearer the proper 
size for a two-man dairy farm, and many of them are thus organized. 
The two groups of largest farms, being somewhat too large for two- 
man exclusive dairy farms, are on the average conducted in a some- 
what less intensive manner, beef cattle becoming more prominent in 
the last group than in any other. Sheep are also most prominent in 
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group. Hay is more prominent as a source of direct income on 
two groups of largest farms than on any others. 

1a general way, with some exceptions, beef cattle, sheep, and hay 
ease in relative importance with increase in size of farm, though 
increase is slight and rather irregular. These represent the less 
nsive enterprises. But the more intensive enterprises, such as 
ltry, potatoes, fruit, and truck crops, decrease in relative impor- 
e as the size of the farm increases. In the case of poultry, the 
al income is approximately the same in each of the size groups. 
same is true of the income from fruit. In the case of potatoes, 
actual income increases slightly with increase in size of farm, 
le in the case of truck crops it decreases. 

‘'e have already seen that the percentage of wheat acreage is re- 
kably uniform in the different size groups. With the exception 
he very smallest farms, on which the small quantity of wheat 
vn is largely used for chicken feed, the percentage of income from 
at is quite as uniform. Except in the first group, there is only 
group in which the figures vary more than one-half of 1 per cent 
a the average of 8.5. 

he number of farms other than dairy farms in this area is too 
[1 to permit definite conclusions concerning the relation of size of 
1 to type of farming; but if we compare the average area of the 
as deriving as much as 20 per cent of their income from the vari- 
enterprises, we get the interesting result that the 106 farms deriv- 
as much as 20 per cent of their income from the sale of hay aver- 
105 acres in area. This is considerably higher than the average 
0 acres for the whole number of farms. Likewise the 10 farms 
ving more than 20 per cent of their income from steers average 
acres, and the two deriving this much of their income from sheep 
age 108 acres. These are the less intensive enterprises and tend 
ravitate toward the larger farms. On the other hand, farms 
ving as much as 20 per cent of their income from the more inten- 
enterprises average as follows: Poultry, 51 farms, 56 acres; pota- 
39 farms, 78 acres; truck crops, 4 farms, 33 acres. These facts 
all in keeping with the principle that the smaller the farm the 
e intensive must the farming be for best results, provided, of 
‘se, the region is one in which the more intensive enterprises can 
nade successful. 

he foregoing data relate entirely to the 378 farms operated by 
r owners and not maintaining a hothouse business. There were 
f the katter, their average size being 62 acres. Several of them 
farms of less than 40 acres, but there is an occasional large farm 
sh runs a mushroom plant as a side line, though in some cases it 
esents the principal source of income even on these large farms. 


80 BULLETIN 341, U. S. DEPARTMENT OF AGRICULTURE. 


It is a business which may be made successful on a very small area, 
but which may also constitute part of the business of a farm of any 
size. This is generally true of very intensive enterprises. 


CROP AREA AND CROP RETURNS IN RELATION TO LABOR INCOME. 


The farmer has often been told that he should keep careful cost- 
accounting records as a means of determining what enterprises are 
the more profitable, thus enabling him to increase the magnitude of 
the more profitable enterprises and eliminate unprofitable ones, 
thereby increasing his net profits. Many farmers have undertaken to 
do this, but in many cases the results were such as to be contrary to 
the farmer’s better judgment, and the attempt was often abandoned. 
We shall here see that this doctrine is more or less of a fallacy. The 
actual cost of conducting a farm enterprise can not be arrived at by 
ordinary bookkeeping methods. The profit a farmer makes is not 
infrequently due to the fact that his business is based partly on enter- 
prises that the usual methods of cost accounting would show are con- 
ducted at a loss. The fact is that the real cost of a farm enterprise 
depends not on the labor and materials devoted to its conduct, but, 
in part at least, to its relation to the other enterprises maintained on 
the same farm. Thus, on a farm which produces corn and hay as its 
principal field crops most of the equipment and labor required for 
producing wheat are already at hand and would not be fully utilized 
if wheat were omitted from the rotation. Under such conditions a 
limited area of wheat might add to the profits of the farm, even if 
cost accounts showed that it returned less than the current rates cf 
wages to the grower. 

Similarly, a small flock of hens on the farm will find much of their 
living in insects, weed seeds, and the grain that would otherwise go 
to waste about the place. The time devoted to them may be largely 
that of women and children, who would otherwise not be earning 
anything. The materials used in constructing the quarters in which 
they are housed may consist largely of scrap lumber picked up here 
and there, and which would otherwise have no value. Under such 
conditions a small flock of hens may add materially to the profit of 
the farm when cost-accounting records would show them to be a 
losing proposition. But the story is a different one when the flock 
becomes so large that it can not be fed largely on waste materials 
and when the time devoted to it is time that could otherwise be 
employed at profitable productive labor. 

As will be seen in what follows, there appears to be, under given 
conditions, a most profitable magnitude for many of the enterprises 
of these farms. Within certain limits, which can usually be ascer- 
tained by farm-management survey methods, a farm enterprise may 
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add materially to the profits of the farm business, while if the enter- 
prise be made either smaller or larger than this the profits are 
reduced. Generally speaking, the farmers in the older settled agri- 
cultural sections have arrived at this optimum magnitude for the 
various enterprises they maintain on their farms. But they have 
done this in response to the action of obscure economic forces which 
are not clearly perceived. Hence many of them make mistakes in 
the matter of the relative magnitude of the enterprises they main- 
tain. One of the most important lessons to be learned from a study 
of the kind reported in this bulletin is the position each enterprise 
should occupy on the farms of a given locality for best results. /n 
order to be able to determine this point, however, it is necessary that 
the survey include a large number of farms, and that these farms 
may be separable into large groups in which approwimately the same 
mixture of farm enterprises occurs on all the farms within the same 
group. 

The adjusted labor income, of which use is made in the following 
tabulations, has already been explained. (See footnote, p. 25.) It 
has been calculated in such a way as to eliminate, as far as possible, 
the effect of magnitude of business on the labor income. Within a 
given region magnitude of business probably has more influence in 
determining the profit made by the farmer than any other one factor. 
In order to study the influence of less important factors satisfactorily. 
it is therefore desirable to eliminate this one. It would also be highly 
desirable to eliminate the factors of yields of crops per acre and 
income per animal unit, which are the next most important in study- 
ing such minor factors as percentage area of each crop, percentage 
of income from each enterprise, etc., but the number of farms avail- 
able for this study is not large enough to permit this. 

In some of the tabulations it will be seen that a relatively slight 


_ change in the percentage area of a given crop, or in the percentage ot 


income from a given enterprise, appears to make a very decided dif- 
ference in the profits made by the farmer. In some cases this differ- 
ence is too great to be accounted for merely by the difference in 
crop area or in percentage income under consideration. ‘This is 
particularly true in the case of the relation between percentage of 
income from fruit and labor income. (See p. 40.) A very shght 
increase in percentage of income from fruit amounting to less than 
1 per cent of the total amount of income from these farms is accom- 
panied by an increase of 18 per cent in the average labor incomes. 
The reason for this is probably not because of the additional 
profits secured from the sale of fruit, but because in the main it is 
only the better class of farmers who take any care of their fruit 
and who go to the trouble to market the small surplus of this com- 
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modity they produce. They are thus better farmers all round than 
the others, and for this reason make much better labor incomes. 

It must not be assumed, however, that this reason accounts for 
the results in all these tabulations. There is no reason for believing 
that the actual conclusions in any case are different from what they 
should be because of this effect. The results are simply magnified 
by it. In general the better farmers of the community do not depart 
widely from the average practice of the community, but the very fact 


that this is true is of itself evidence that in the case of most enter-— 


prises there is a normal status, departure from which interferes 
with the efficient management of the farm. 

Thus those farmers who have 30 to 39 per cent of their crop acre- 
age devoted to corn make greater profits than those having more or 
less than this. Similar conditions are shown for the other crops. It 
appears that the more alert farmers in this region have recognized 
at least to a considerable degree, the status which each of their 
enterprises should occupy for the best results. These men are, in 
general, better farmers than their neighbors. 

It must not be concluded, however, that an unusual acreage of 
one of the important crops of the region is without influence on 
profit. There is undoubtedly a balance between the enterprises of the 
farm; a status of each enterprise which fits best into the local sys- 
tem of farming. Wheat, although not a highly profitable crop here, 
has its place in the system. It furnishes straw for bedding and offers 
opportunity for seeding the more important and more profitable hay 
crop. It also occupies the time of farm laborers and teams and 
utilizes farm equipment at seasons of the year that would not other- 


. 


wise be fully occupied. Hence, although the crop is less profitable _ 


per acre than corn or hay, a certain percentage of acreage devoted 

to it makes the farm more profitable than if the crop were omitted. 
That the conclusions drawn in the following pages concerning the 

most profitable status of each of the enterprises are, in the main, 


correct is strongly indicated by the three cases in which these con- 


clusions indicate that the average practice of the community is not 
in keeping with the highest profit, or at least was not during the 
year of this survey. The first of these cases relates to the acreage of 
the corn crop. 

The average per cent of corn acreage for the 378 farms is 22.8 
of the total crop area. Table X indicates that the most profitable 
acreage is between 30 and 39 per cent. The most progressive farmers 
in this locality all agree that more corn should be grown locally than 
is grown, and a good many of them have in recent years let corn 
occupy two whole years in their rotations. Census data show that 
the relative acreage of corn has been increasing in recent years in 
Chester County. It will be remembered that about a decade and a, 
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half ago the price of corn rose about 50 per cent in this country, 
and has remained at this level ever since. It is probable that under 
the old conditions the farmers of Chester County had come to the 
proper acreage of this crop, but with corn at its new high level of 
prices a larger percentage of corn acreage would be meee! Census 
data thus show that the farmers are slowly responding to the slight 
economic forces tending to force them in the direction of higher 
profit. The data of Table X indicate that the direction in which 
they are moving, as shown by census returns, is actually in the direc- 
tion of higher profit, while the opinion of the best local farmers agrees 
both with the indications of Table X and of the census returns. 

Another instance in which local practice is not consistent with the 
highest profits, as indicated in Table XIV, relates to the percentage 
of oats acreage. This table indicates that those farmers who grow 
no oats make much higher profits than those who devote a portion 
of their land to this crop. The best local farmers agree that the oat 
crop is not profitable here, and 140 of the 378-owners grow no oats. 
Furthermore, census statistics show that the relative acreage of oats 
in this county is slowly decreasing. 

The other case relates to the percentage of potato acreage wad the 
proportion of the farm income derived from this crop. In both 
cases the data collected in the survey show: that. the more important 
the potato crop on the farm the higher the profit, and the tabulations 
indicate that the limit of profit in this direction is not reached. by 
local practice. Yet most of the farmers of this region state that they 
do not consider potatoes distinctly a profitable crop. They grow 
them largely to fill in certain vacant places in'the labor schedule. 
But during the year to which this survey relates these farmers sold 
their potatoes at an average price of $1.04 a bushel. The inference 
from the data is that if potatoes sold at this high price regularly, 


_the percentage of acreage devoted to potatoes in this region should be 


much larger than it is now. The fact is, however, the average price 
of potatoes here, as elsewhere, is very close to the cost of production, 
and there is every reason for believing that the farmers are right 
in their opinions concerning the value of this crop. 

The fact that the tabulations to be discussed presently lead to con- 
clusions which are thus in agreement with the opinions of the more 
progressive of the local farmers, even when these conclusions are not 
in agreement with average local practice, and the further fact that 
good reasons can be given for the changes called for by the tables, 
give great weight to the conclusions drawn from the assembled data. 

While data are not at hand to prove it, it seems probable that the 
status which a crop should occupy for best results in a system of 
farming would depend on the yield of that crop per acre. A crop 
which yields well on a given farm compared with other crops should 

14138°—Bull. 341—16—3 


34 BULLETIN 341, U. S. DEPARTMENT OF AGRICULTURE. 


probably occupy a larger acreage than the same crop on another 
farm where it yields poorly in comparison with other crops. It is 
also probable that in two localities similar in all respects, except that 
in one the crops produce low yields while in the other the same crops 
produce good yields, the optimum status of the individual crops 
would be different in the two regions. Conclusions based on studies 
in one region should certainly not be applied too broadly in cther 
regions in which conditions are different. 

Corn.—We have already seen that on the average the corn crop 
oceupies 22.3 per cent of the entire crop area in the area here under 
consideration. Percentages as low as about 13 and as high as about 
33 are fairly common, the extremes being 8 and 55. The more fre- 
quent percentages of this crop are from 18 to 25. While the corn 
crop is nearly universal on these farms, and in a large number of 
cases occupies from one-fifth to one-fourth of the crop area, there is 
seen to be considerable variation in the percentage of corn acreage 
on the different farms. The question arises, What percentage of corn 
acreage is most profitable under the conditions which prevail in this 
locality? The answer to this question will depend to some extent on 
the intensity of the stocking of the farm. In general, those farms 
which are most heavily stocked have the largest percentage of their 
’ land in corn. But we may first consider the matter from the stand- 
point of the average conditions prevailing in the region. 

Table X classifies the 378 farms into groups based on the percentage 
of their crop area devoted to corn. 


TABLE X.—Percentage of crop area in corn as related to labor income. 
Percentioficrop areadn COM) -p-22s5 essere =p oe eee eee 0to19. | 20 to 29. | 30 to 39. 40+. 
Number of farms: 222) ep Se RS Ae Se ie RD aon oe 138 188 42 10 


Adjusted laborincome.-2. 7-322 4225 ee ee ee eee - 94 102 121 52 


Average percentage ofcorn area on the 378 farms, 22.3. 


It will be noticed that the average labor income of the 138 farins 
having from 0 to 19 per cent of corn acreage is 6 per cent below the 
general average of the region. One hundred and eighty-eight farms 
had 20 to 29 per cent of corn acreage, and their labor incomes are 2 per 
cent above the average. In the next higher group 42 farms have an 
average labor income 21 per cent above the general average. Unfor- 
tunately, the number of farms in the next group is small, but it will 
be noticed that the average labor income on them is very low. 

It will be remembered that the original form of the common ro- 
tation of this region had corn the first year only. In recent years 
the price of corn has risen very materially as compared with two 
decades ago, and corn has begun to invade the second year of the 
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rotation. On some farms it is beginning to occupy the whole of the 
first two years. The greatest number of farms is in the group next 
below that which appears to be the most profitable. But the farmers 
here are increasing the percentage of their corn acreage very ma- 
terially, as an examination of the census statistics for the last two 
census years will show. In other words, the farmers are slowly re- 
sponding to the economic pressure tending to drive them toward a 
more profitable cropping system than that which now generally 
prevails. 

The average percentage of corn area for the entire number of 
farms (22.3 per cent) is in the group of Table X next below the 
most profitable one. This study confirms the opinion of the most 
progressive farmers of this region to the effect that they ought to 
increase their acreage of corn. 

As previously stated, corn is here grown mostly for feed. Buta 
considerable number of farmers grow more of it than they need for 
this purpose, selling a small surplus. Does it pay to do this? Would 
it pay ‘better to sell all their corn, for which they can get very good 
prices, rather than feed it to the classes of live stock kept on these 
farms? 

It was found that 127 of the 378 owners sell some corn. In fact, 
this crop constitutes the direct source of 2.3 per cent of the entire 
receipts of the 378 farms. In nearly all cases where corn is sold, the 
percentage of income from it is less than 20, and in only two cases 
is it more than 26. In the greater number of cases it is less than 10 
per cent. 

Table XI shows that the 251 farms that sell no corn make an 
average labor income considerably less than the 121 farms that de- 
rive from 1 to 19 per cent of their income from this source. 


TABLE XI.—Percentage of income from sale of corn as related to labor income. 


Peco inOL Income Iron! Sale’ Of COMM)... 32s. --2<ssc--- cso e goes eases ce csce None. | 1 to 19. 20+. 
“ou ETI@? OIE TIOS ie oS ae BERS aeces Se Oe Ree 5A a ae a Ses Ae ce oe 251 121 6 
ost TE} O (err WXEO HEC Orc pepe Sandee coceSer Hae Se Sep Sere er err enesSeer= 95 113 55 


Tt evidently pays to sell some corn. Unfortunately, the number of 
farms in the next higher group is too small to give a decisive result, 
but it is significant that the average labor income of these six farms 
| is exceedingly low. Apparently, it also pays to feed a part of the 
corn. 

Potatoes.—On the farms here under consideration 6 per cent of the 
crop area was devoted to potatoes. They were found on 366 of the 
378 farms operated by their owners. This crop is, therefore, very 
general in this region, though the acreage is usually small. In by 
far the larger number of cases the acreage, expressed in percentage of 
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total crop area, was found to be less than 10 per cent, which means 
less than 6 acres per farm. On only 7 farms was the percentage 
of potato acreage found to exceed 20 (or 12 acres). The farmers of 
this area do not generally regard potatoes as a profitable crop, 
though they grow at least enough for home use and usually some for 
sale. The yield is low, the average being only about 79 bushels. The 
principal difficulty is in the character of the soil, which is rather 
too heavy for best results with this crop. The price also fluctuates 
greatly, and on the average is little more than sufficient to cover the 
cost of production. Yet the crop helps to fill the labor schedule, and 
when kept within proper acreage limits probably adds somewhat 
to the profits of the farm business in the average year. During the 
year to which this survey relates the average price at which the 
farmers sold their potatoes was $1.04, which is much above the 
normal. With prices like this the tabulated figures show that the 
farm profits increase both with increase in acreage of potatoes and 
in proportion of receipts derived from their sale. It is certain, how- 
ever, that this does not represent normal conditions for this area, 
and hence the tabulations are omitted. 

One of the defects inherent in the survey method of studying 
farm-management problems lies in the fact that unless conditions 
are normal at the time of the survey the results may be misleading. 
This difficulty can be overcome in a number of ways, one of which 
is to repeat the survey in the same locality for a sufficient number of 
years to establish a normal for each enterprise. Fortunately, how- 
ever, conditions were approximately normal in this area at the time 
these data were obtained except in the matter mentioned, and in the 
fact that the price of hay was somewhat above normal. In the main, 
therefore, the results are reliable. 

Wheat—Wheat occupied 18.2 per cent of the total area of crops 
on the 378 owner farms. This crop occurred on 356 farms. In 
most cases the percentage of wheat acreage fell between 15 and 25 
per cent, but on several farms it was greater or less than these 
limits. The average proportion of income from the sale of wheat 
was 8.5 per cent of the total farm income, as shown in Table VIII. 
In relatively few cases did a farm receive more than 20 Bere cent of 
its income from this source. 

The most profitable acreage of this crop is shown in Table XII. 
The labor incomes of the 28 farms having less than 10 per cent of 
wheat acreage was much lower than the average of all farms. 


TABLE XII.—Percentage of crop area in wheat as related to labor income. 


Per cent of crop area in wheat...--..--..-- cee Denise gee ee eee Oto9. | 10to019.,| 20 to 29. 30+. 


Number: offarmisy sitet Lage ees Scat ee eke ahs Dy eee aia 28 213 121 16 
AGstedWabor income. 2:2 e2. =- eee te eee eee ae Eee ee 63 107 97 96 
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The 213 farms having 10 to 19 per cent of wheat acreage made 
profits considerably above the average. In the next higher group 
there are 121 farms, sufficient to give an average having a definite 
meaning. Their labor incomes averaged 10 per cent lower than in 
the preceding group. In the remaining group the number of farms 
is small, and they need not be considered. The results for the first, 
second, and third groups are apparently conclusive. They indicate 
that an acreage of wheat equal to 10 to 19 per cent of the total crop 
area is more profitable on these farms under normal conditions than 
either a larger or a smaller acreage. This merely means that wheat 
should here occupy one year in the rotation. But it appears to be 
more profitable to run wheat twice in the rotation than to omit it 
altogether. 

It is interesting to note that not only is the largest number of 
farms in this most profitable group, but the average for the 378 
farms falls within the limits of this group. Wheat has occupied 
approximately its present position in the agriculture of this region 
for more than a century, a sufficient length of time for the farmers 
to have found the most profitable acreage of it. Yet the facts have 
not been definitely recognized by these farmers. Many of them 
grow either more or less wheat than these results indicate they 
should. 

The figures for percentage of income from wheat are in close 
agreement with the above, and confirm the conclusion that on the 
major portion of these farms this crop: occupies its proper position, 
as-is seen in Table XIII. : 


TasLE XIII.—Relation of percentage of income from wheat to labor income. 


Per cent of income from wheat......-.---.5-.--0..--5+5---- ..--| None. 1to9. | 10to19. 20+. 
PAnRERE ETO MI AMMS so cee Nene cts Sette geese esc uan cee cae ct. 36 204 121 17 
PROS CC OM ot OIE COLNE mite ete safe mle aiate lols alee late alate Sm lnininia'a i lelele at=psie 79 121 82 19 


Average percentage of wheat area on the 378 farms, 18.2. 


Thirty-six farms sold no wheat. Their labor incomes average 
much lower than the general average. Two hundred and four farms 
derive from 1 to 9 per cent of their income from the sale of wheat. 
Their profits are much above the average. One hundred and twenty- 
one farms received from 10 to 19 per cent of their income from this 
source and made profits much below the average. The number of 
farms deriving more than 20 per cent of their income from wheat is 
small. This fact is in itself significant. While their number is too 
small to give a very significant average, the fact that this average is 
exceedingly low is consistent with the other data of this table and 
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those of Table XII. These figures indicate that while the place 
wheat should occupy on these farms is one of moderate importance, 
it is disinctly more profitable to grow a field of wheat in the rotation 
than not to do so under the conditions prevailing in this region. 

The high prices for wheat which have prevailed during the latter 
part of 1914 and the early months of the present. year (1915) would 
undoubtedly justify a larger percentage of wheat acreage than that 
here indicated, but these conditions are abnormal. The price of 
wheat will undoubtedly fall again to about its previous normal level 
when the present disturbed conditions have passed. It would, there- 


fore, probably be wise for the farmers of Chester County to con-— 


tinue their present practice with reference to this crop. 
Oats.—The oat crop occupied 6.4 per cent of the crop area on these 
farms in 1911. It was found on 238 of the 378 owner farms. In 
only six cases did it exceed 20 per cent. This crop occupies a por- 
tion of the second year in the common rotation, along with potatoes 
and some of the corn. That it would pay better to omit oats en- 


tirely from the cropping system is clearly indicated in Table XIV, | 


where it is seen that the 140 farmers growing no oats made profits 
17 per cent above the average, the 141 farmers having from 1 to 9 
per cent of oat acreage made profits 2 per cent above the average, 


while the 97 farmers having 10 per cent or more of their crop area | 


devoted to this crop made profits 27 per cent below the average. 


TABLE XIV.—Percentage of crop area in oats as related to labor income. 


PericentioicLopanesyil OAlSeae eens eee sees ee eee eee ee None. 1 to 9. 10. 
Number of farms Seo sss.ecisets 2 cee nem sere eee are eee ere ee 140 141 97 


Adjusted laborincomes sc 22224 2252 se eter ese = sees et eee eee 117 102 73 


Average percentage of crop area in oats, 6.4. 


Attention is elsewhere called to the fact that an annual hay crop 
might profitably replace oats in the common rotation system pre- 
vailing here. The quantity of oats sold by the farmers of this 
locality is too small to permit any conclusions being drawn concern- 
ing the relative profitableness of feeding or selling this product. 

Tay.—Timothy and clover hay occupy 44 per cent of the crop land 
on the farms here under consideration. Only two farms had none of 
this crop. Few farms have less than 30 and few more than about 55 
per cent of their crop land in hay. The total area of other kinds of 
hay is so small that it may be neglected without serious error. The 


data given in Table XV show that the largest number of farms have 


from 40 to 49 per cent of hay acreage, and that these farmers make 
higher profits than those having a greater or a smaller acreage. 
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TABLE XV.—Percentage of crop area in hay as related to labor income, 


Per cent of crop area in hay............--------.---- 0 to 29. | 30 to 39. | 40 to 49. | 50 to 59. 60+ 
MMP REPER EOS I CAUSDIS te oe car bial a) oni u/e ielaiviv.csicitninisieminiaidee'ss 33 107 145 74 19 
IAOVUSTOMUADOL INCOME. . ~~... emo ac conic cineciwnes 96 93 107 105 72 


Average percentage of crop area in hay, 44. 


Thus the larger number of farmers, as well as the average of all 
the farms, falls within the limits of the most profitable acreage. In 
other words, the farmers here have in a general way, and perhaps 
without any very definite knowledge that they were right, responded 
to the economic pressure which tends to drive them in the direction 


of the greatest profit. The hay crop ordinarily occupies the land for 


two years in a five-year rotation, but a sufficient number of the 
farmers leave their hay lands down for a year longer, and occa- 
sionally even longer than this, to bring the percentage area of the 
crop somewhat above the 40 per cent line. It is probable that the 
substitution of soy beans for oats in the second year of the rotation 
would obviate the necessity of leaving meadows down for more than 
two years except for pasture, unless the soys are grown for seed. 

We have already seen in Table VIII that hay is the second most 
important direct source of cash income in this region. While it occu- 
pies twice the area of any other crop, a large proportion of the crop 
is fed. Here again the question arises whether it would pay best to 
feed all the hay, sell all of it, or feed part and sell part. If the lat- 
ter, then what proportion of the farm income may legitimately be 
derived from the sale of hay? Fortunately, the data on this point are 
such as to give quite a definite answer to the query. During the year 
to which these records relate 298 of the 378 farms operated by 
their owners sold some hay. The highest proportion of income from 
this source on any farm was 57 per cent. The percentages for the 
different farms are fairly-evenly distributed between 1 and about 25 
per cent, gradually falling off beyond this point. Table XVI shows 
quite conclusively that those farmers who derive from 1 to 9 per cent 
of their income from the sale of hay make higher profits than any 
others, and that, next to these, those who derive from 10 to 19 per 
cent make the most profit. 


TABLE XVI.—Relation of labor income to percentage of income from hay. 


ier centiof income from hay. --3-.--2-.--2..<+5-...s- None. 1 to 9. 10 to 19. | 20 to 29. 30-+-. 


INGA CLONADINS i oe sce «se Catia’ St dea eecce Cees 80 78 114 64 42 
EMO USLOCMNADOL MCOMG <1 oa.<j-ci<sanie/sie eine ie eleen=e = 78 132 112 98 55 
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Tt is clearly indicated here that under the conditions prevailing 
during the year of the survey the most profitable practice is to grow 
a little more hay than is needed for feed on the farm. It will be 
noticed, however, that the number. of farmers in the second most 
profitable group is somewhat larger than in any other. The price 
of hay, due to a shortage in yield, was rather high during 1911, the 
average sale price being $22.12. These high prices probably induced 
a larger number of farmers to sell hay than is ordinarily the case. — 

Fruit—Of the 378 farms here under consideration, 315 reported — 
some fruit acreage, the average percentage area being 2.5. On only 
10 farms did this acreage exceed 10 per cent. In by far the larger 
number of cases it was lessthan 5. Fruit is thus very generally grown, 
but almost entirely for home use. Commercial fruit growing does 
not appear to be adapted to the conditions prevailing in this locality. 
Just why this is the case has not been determined, but it is probable 
that the character of the soil is the main factor. The topography is 
also less broken than it is in most of the leading orchard districts, 
thus giving rather poor air drainage and exposing the early bloom- 
ing varieties of fruit to danger from untimely spring frosts. 

The relation of fruit acreage to labor income is shown in Table 
XVII. The 63 farmers who reported no fruit trees on their farms 
made labor incomes 9 per cent below the general average. 


TaBLE XVII.—Aecres in fruit as related to labor incomes. 


Acres in fruit.....--- SE rl en teri Mesa ae I Be Coe ae SRS None. 1to5. |-Over 5. 
Number: offarms 22s. Seine Re SOR tyne esa oOo on er eee ee 63 306 9 
Adjustedwdabor incomes 20.0 woo es skate le weap ee ae eee eee 91 103 48 


Those having 1 to 5 acres of fruit made labor incomes 5 per cent 
above the average, while the 9 farms having a larger acreage made 
less than half the average labor income. 

While fruit occupied an average of 1.35 acres, or 2.5 per cent of 
the crop area on each of these farms, the income from the sale of 
fruit was only seven-tenths of 1 per cent of the total receipts, as 
shown in Table VIII. In most cases the receipts are only 1 or 2 
per cent of the total farm receipts. In only five cases did the per- — 
centage exceed 10, the maximum being 28 per cent. 

The relation of income from fruit and labor income is shown in 
Table XVIII. A majority of the farms sold no fruit, but their 
labor incomes were below the average. A large number derived 
from 1 to 9 per cent of their income from this source, and made labor 
incomes 13 per cent above the average. ‘ 
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Taste XVIII.—Percentage of income from fruit as related to labor income. 


PBMC RE NON ICON MTOMU LT: <5 acc wm ein ciate a meen owen eieecee onl None. 1to9. | 10 to 19. 20+. 
EARL ET Oh (GUT TNS) eS el i a a eo ae a 261 112 3 2 
PVORISTOCMADOMINCOMEOZ. 545 = sciesscce vce ce ce cccinitecinclsceien cee. 95 113 85 88 


The numbers in the higher groups are too small to be significant, 
but in both groups the results are considerably below the average. 
It is quite probable that if cost accounts were kept with these 
orchards they would appear to be unprofitable. But the small acre- 
age requires little care, and the time devoted to them is seldom taken 
from more profitable endeavor. At any rate, the figures, both as 
to acreage and as to proportion of income, show clearly that on those 
farms on which fruit constitutes one of the minor enterprises the 
profits are greater than where it is entirely absent. At the same time 
they indicate that the proper position of this crop is that of a de- 
cidedly minor enterprise. We have here what appears to be a good 
illustration of the principle that within certain limits it pays well 
to produce home supplies and to conduct a properly diversified 
business. 

Truck crops—As previously stated, kitchen gardens were not 
taken into account in this survey. Other studies, however, have 
shown that the farmers of this general region almost universally 
grow a lberal supply of vegetables for home use. Situated as this 
area is, not far from several large cities, it would naturally be 
expected to find considerable development of commercial truck 
growing here. But such is not the case. Only 23 of the 378 farms 
derived any income from this source. This general region is one in 
which commercial truck farming is perhaps as highly developed as 
it is anywhere in this country, but the amount of vegetables grown 
is so vast that the supply is practically always greater than the 
demand, except during the early part of the season for each of the 
various truck crop products. It is therefore only those who can 
reach the market early who find the business profitable, and to do this 
requires a light sandy soil that warms up rapidly in the spring and 
thus conduces to earliness. The soils of this area are in the main 
heavy, and hence truck crops mature late in the season. Here and 
there, however, is a farm with more or less warm sandy land, and a 
few of these are devoted more or less to this type of farming. Some 
of them deliver their product by wagon to Wilmington, Del., a 
distance of 15 miles from the center of the survey area. Of the 
farms conducting a trucking business, only two have more than 20 
per cent of their acreage devoted to it. 

Twenty-three farms derived a portion of their income from the 
sale of vegetables. Three of them sold a small quantity of such 
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products from their kitchen gardens and reported no acreage of com- 
mercial truck crops. In the case of both acreage and income the 
number of. farms is too small to permit a satisfactory comparison 
between labor income and magnitude of the trucking business, such 
as has been made above for other crops. The small number of these 
farms is itself an indication that the business is not at home here, 
even if the population to be supplied is very large. 

Poultry —tThe receipts from poultry and eggs constitute 8.2 per 
cent of the total receipts of the 378 farms. Only eight of the total 
number reported no income from this source. From the standpoint 
of the number of farms, this enterprise, therefore, heads the list of 
farm enterprises in this locality; that is, it is the most universally 
found of any farm enterprise. But we have already seen that in very 
few cases do the flocks exceed 200 hens. Poultry thus constitute one 
of the more important of the minor enterprises on the farms of this 
region, as they do so generally in nearly all parts of this country. 
Do these poultry pay? They furnish a very important part of the 
family living, but this is not taken into account in this study. The 
data here given relate only to the commercial phase of the business. 
If they are profitable, why do not farmers keep larger flocks? ‘These 
questions are quite definitely answered in the data obtained in this 
survey, and the answer is one of great importance both to the farmer 
whose poultry are merely incidental to the general farm business and 
to the poultryman who makes of them a major enterprise. 

Percentages of income from poultry are about equally numerous 
from 1 per cent up to about 9 per cent. Above this the numbers fall 
off rapidly. Fifty-one farms derive more than 20 per cent of their 
income from this source and eight farms more than 40 per cent. 
Thus, of 370 farms keeping poultry, only 8 would be classed as real 
poultry farms, while of 347 farms deriving incomes from the sale 
of dairy products, 157 are classed as real dairy farms, and that, too, 
without counting income from the sale of cows and calves. Why is 
the more universal poultry enterprise in nearly all cases a minor one 
while the somewhat less common dairy enterprise is so frequently the 
leading source of income? The figures given in Tables XIX and XX 
show the reason for this to be that when the poultry business is made 
a minor enterprise it is profitable, while when it rises to the dignity 
of a major enterprise it often becomes unprofitable or at least much 
less profitable than when it occupies a minor place on the farm. On 
the other hand, the dairy business in this region is more profitable 
as a major than as a minor enterprise. 

Unfortunately, the number of farms in _ wo of the classes of Table 
XIX is quite small, but the very low average labor income in both 
these classes can hardly be regarded as insignificant. 
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Taste XIX.—Percentage of income from poultry as related to labor income. 


ercent of income from poultry... a. ..<-s0s-2- cece eee eee cee- None. 1to9. | 20 to 39. 40+-. 
RMRPAPIOIOIMO MELANIN 2 Sela faihe ain a wis'eiisvicjeige wa we ences seed see «omnes 8 319 43 8 
PePTINPECSIE OM ICOMIOL fs). eh as ieee us ee eee. ct 38 104 97 40 


The numbers in the remaining classes are quite sufficient to give 
averages having a definite meaning. Farmers deriving from 1 to 19 
per cent of their income from poultry make profits above the aver- 
age, while those deriving more than 20 per cent of their income 
from this source make profits below the average. Furthermore, the 
largest number of farmers are in the class making the greatest profits. 
In other words, the farmers of this region have been driven by 
economic forces, which are not always definitely recognized, to give 
the poultry enterprise the position on their farms which conduces to 
the greatest profit. The fact that the forces acting in this case are 
not universally recognized and understood is proven by the fact 
that quite a number of farmers have not responded to them. 

We shall perhaps find no better illustration than this of the fact 
that it would not always pay the farmer to do cost accounting, and 
as a result of the information thus obtained increase the magnitude 
of his most profitable enterprises and eliminate those which the 
bookkeeping records indicate to be unprofitable. The Office of Farm 
Management has kept books on farm poultry under conditions 
similar to those prevailing on the average farm of this region, 
and when the time and material devoted to them are charged at 
current rates the results showed a loss for the year. Doubtless the 
same would be true on most of these farms. Yet the data given 
show that they are profitable when kept within proper limits. It is, 
of course, possible to make a real poultry farm profitable, especially 
near a good market, and such farms are to be found. But it is difli- 
cult to do so. The poultryman finds himself in competition with 
farm flocks that are kept at nominal expense, both the time and 
materials consumed in their management being otherwise largely 
unutilized. The business may thus be distinctly profitable to the 
farmer with a small flock, while the poultryman under the same con- 
ditions would find it much more difficult to make a profit. One or 
two of the real poultry farmers found in this survey made fair 
profits, but they were unusual men. 

Dairying.—I\t has been made clear in the foregoing discussion that 
this is preeminently a dairy region. The receipts from dairy cattle 
and their products together constitute 44 per cent of the entire income 
of these 378 farms. It will later be seen that on the tenant farms 
dairying is even more important than it is on those operated by 
their owners. For the past third of a century the production of 
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~ market milk has been the standard type of dairy farming in Chester 
County. It is by far the most important enterprise found in this 
survey. The number of farms deriving various percentages of in- 
come from dairy products is fairly evenly distributed from about 
20 per cent to about 60 per cent of income from this source. Above 
and below this the farms are less numerous. 

The income from cattle is in the main a mere incident to the selling 
of dairy products, and represents usually the selling of a few 
calves and discarded cows. There are only nine of these farms 
which derive more than 20 per cent of their income from the sale 
of dairy cattle. Six of these are farms on which the income was 
so small that the few dollars received from the sale of a few calves 
and a cow or two was the principal income. But the other three 
are farms which make a business of raising well-bred stock for sale 
for breeding purposes. These three farms made very good profits. 
It would appear that there is room here for a much greater develop- 
ment of the pure-bred stock business. In a region so distinctly de- 
voted to a type of live-stock farming as this is, there should be good — 
business for more than 3 out of 378 farms devoted to producing 
high-class breeding stock for their neighbors. Perhaps the fact 
that until recently it has been possible here to buy fairly good cows 
more cheaply than they could be raised in a region of high-priced 
market milk is largely responsible for the very general absence of © 
the breeding business. More recently the price of cows has advanced. 
During the year of this survey (1911) the average price paid for 
cows was $63.84. At this price farmers can afford to raise them 
even with the high local prices of milk and feed. Since the survey 
records were taken there has been an increase in the percentage of 
calves saved. 

In order to keep up a herd of dairy cows, both in numbers and in 
quality, it is necessary to replace an average of about 25 per cent 
of them annually. Of these 378 farms an average of 23 per cent 
were actually replaced, 8.2 per cent by cows raised on the farm, the 
remainder by purchase. Thus, about one-third of the cows neces- 
sary to maintain the herds are raised. It is to be presumed that as 
the proportion of cows raised increases, which seems likely to be the 
case with the high prices now prevailing, the number of pure-bred 
herds will increase in number. Partly because of the general depend- 
ence on purchased cows, there is less uniformity of breeds on individ- 
ual farms in this region than might be expected where more of 
the cows are raised. 

It has been shown in the foregoing pages that in the case of most 
of the enterprises found on these farms there appears to be a particu- 
lar status which each enterprise should occupy for best results. 
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When one of these enterprises is given a magnitude greater or 
smaller than this the farm profits become less. This does not appear 
to be the case with the dairy enterprise on the average farm. Table 
XX shows that the average labor income of each group of farms 
deriving 20 per cent to 90 per cent of their income from dairy prod- 
ucts is above the general average of the community. 


TABLE XX.—Percentayge of income from dairy products as related to lator 


income. 
Per cent of income from dairy\ Mena 1 to | 10 to | 20 to | 30 to | 40 to | 50 to | 60 to | 70 to | 80 to | 90 
EOC DSrms sare win ses ictacinpats = a f ‘lV 9. 19. 29. 39. 49. 59. 69. (a) 89. a 
INEM DOG ORRIN = 3 <<a: ao aveje(e os « 31 26 26 65 73 71 47 19 11 7 2 
Adjusted labor income... -....-..-- 43 94 82 114 103 109 102 130 103 101 55 


Tt is considerably lower on those farms deriving less than 20 per 
cent of their income from this source. These figures indicate that 
under the conditions prevailing in this region the dairy business may 
be made profitable whatever position it may occupy on the farm, pro- 
vided, of course, the cows be of good quality. This is the only enter- 
prise in this region of which this is true. 

It is to be inferred from these results that if the cows are of high 
quality it is relatively unimportant whether the farmer has several 
other more or less important sources of income. With cows of poor 
or ordinary quality it becomes increasingly important that the busi- 
ness be diversified; that is, that other sources of income be provided. 
This conclusion is strongly reinforced by the results given in Table 
XLIV, in which it is shown that with cows producing less than $50 
worth of product annually the larger the herd the less the profit, while 
with cows producing more than $100 worth of product the larger the 
herd the greater the profit. 

The failure of Table XX to show a particular percentage of income 
from dairy products to be more profitable than any other may be due 
to the fact that the quality of the cows on the various farms is highly 
variable, and, as will be shown later, the producing capacity of the 
cows is one of the very most important factors of profit on these 
farms. If the labor inceme could be further adjusted so as to elimi- 
nate the effect of variation in quality of cows, it might be found that 
there is an optimum status of the dairy industry here. It is also 
practically certain that if all the cows were as good as the best the 
most profitable percentage of income from this source would be 
higher than if the cows were all of poor or medium quality. 

Types of dairying—Table XXI shows the relative importance of 
the various types of dairying in the Chester County survey area. 
The farms here represented as selling creamery milk differ from those 
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selling market milk only in the fact that during the summer time, 
‘when there is a superabundance of market milk, these farms sell to 
local creameries. 


TABLE XXI.—RFelative importance of different types of dairying, Chester County 


Owners. 
Number of 
farms sell- | Total num- 
Types. ing only | beroffarms 
one dairy | selling. 
product. 
Butter. making bf3 “e238 22 5-Bb 2... ee ee eee 54 62 
Creamerysandimarketimilk: 3235-5 eB eee nen eee eee ee ee eee eee 204 209 
Market milks 3 oe a aan. soa a se eos Re eee eee 74 W7 
Condensary milk egy Free Se oe eee ce ee Se eae ae Ee ee ae 6 |: 6 
INGUYSOY Vises 2x5 poste es eS ee eh hee = SRS Ei pa rn a if 1 
Buttermilk: 6.2 )62 8. oo tbe wack Shee os Dee Seen ce SS Fe EEE DOC EC Gee | Rape eae aee 1 
DO GAS oss St eee ee nee EOD ott Ieee oe Rae ee See eee 339 356 


« There are 8 farms selling more than one form of dairy product; 4, butter and creamery © 
ear Outen ee eer milk ; 1, butter, creamery milk, and market milk; 1, butter, 

> Butter making is confined principally to farms haying too small a quantity of milk to 
justify delivery at a creamery or shipping station. (See Table XXII.) 

Practically all of those farms here listed as “ creamery and market 
milk” farms are really market-milk farms doing business for a 
portion of the summer season with the creameries. In all there are 
209 farms following this practice, while 77 produce market milk, 
but do not patronize the creameries. There are 62 farms that make 
some butter, and 54 of these sell no other dairy product. Six farms 
sell all their milk to a condensary, one makes a specialty of nursery 
milk for children, and one sells some buttermilk. There is some 
duplication of farms in the last column of Table XXI. Several of 
these farms sell more than one kind of dairy products. This dupli- 
cation is eliminated in the preceding column, which shows the num- 
ber of farms selling only the one kind of product mentioned. 

As previously stated, butter making was formerly an important 
feature of the dairy business is this locality, and continued as such 
until the development of the market-milk business, which began 
about 45 years ago. At the present time butter making on the farm 
occupies a very subordinate position. It is confined almost wholly 
to those farms having only a few cows, and hence not enough milk 
to justify daily delivery at a shipping point. There are also a few 
farms having a special trade in fancy butter. Table XXII shows 
that of those farms having 6 cows or less, 38 per cent sell some 
butter. Of those having more than 6 and not more than 18 cows, 
only about 6 or 7 per cent sell any butter. Those with more than 
18 cows sell no butter. 


* 
F FARM MANAGEMENT PRACTICE OF CHESTER COUNTY, PA. 47 
Tabite XXII.—Relation of nunber of cows to butter making. 
Per cent of 
Per cent of 
farms sell- 
Percent of] ao. farms sell- 
Number of cows. Namber of] farms sell- | 128 cainy ing no 
suet ing butter.| PT“ His dairy 
‘| in other . 
forms products. 
PT GNGRS Sn ae ee SEALER Ak are GIS 123 38. 2 39 22.8 
(ion, ce era iT a ee 122 5.7 92.6 1.7 
TEES SRE SR RN RN BY ERE 71 7.0 91.6 1.4 
Tk ee arn (| eee ae 100), lees toe 
Dae AANm Ra te Wa ae bets sj Shoo sian sees doen esas eee PR cpe Eas eeriss LOD HS eee 
Table X XITI indicates that those farmers who sell milk during the 
summer season to creameries make more profit than those who ship to 
wholesale milkmen the year round. Thus, of the 60 farms 61 to 80 
acres in size, 65 per cent sell some milk to creameries in the summer 
time, while 18.3 per cent ship market milk the year round. The labor 
income of those who sell milk to the creameries averages $804, while 
that of the exclusive market milkmen is only $612, or about 24 per 
cent less than that of the men who sell some creamery milk. 
TABLE XXIII.—Relative profitableness of creamery milk and market milk in 
Chester County. 
Size groups.-...-.- Pa SE mer Piste net aes tees. at Sie I So Nae a acres..| 61to 80. | 121 to 160. 
ESMPETESKIGIEG SEUIID Saeerte nt eee serene eran Se Se te ee Lye ee Oke Se cece 60 61 
Per cent selling creamery milk...................... SCRE AREER ERE T SEE Be Aeon Ieee, 65. 0 65. 6 - 
EMmCOMUSELIM ORI An Ke (IL Kose wrk oe eee op ots wok Siete Bh aa. otieecec sais 18.3 18.2 
Lab-r income of those selling creamery milk.................-..----------------- $804 $1, 267 
ie DOrAneome oncnose selling: market milk=s2. 0-2 fo. eho So tence on $612 $1,010 
TIEN Cera SP Rec Pes ea crs Sms Am coca Sea ares a a ak 2 UM alae oS $192 $257 
Per cent oflarger income......... Spee BATE Ya ON Set Core Race Nae Ge cya atin 23.8 20.3 


A very similar result is shown for the 61 farms in the 121 to 160 
acre group. The same proportion of men sell part of their milk to 
creameries, the same proportion sell only market milk, and the labor 
income of the latter is 20 per cent less than that of the former. 

There are probably two reasons for this difference in the profits 
made by these two groups of men. In the first place, those who are 
so situated as to be able to patronize the creameries get approximately 
as much for their cream as they would for whole milk, and have their 
skim milk left as feed for calves, poultry, and pigs. In the second 
place, it is probable that those who sell creamery milk do more summer 
dairying than those who sell only market milk, and on account of the 
very excellent pastures in this locality their cost of production aver- 
ages lower than it does on farms that do more winter dairying. 

Beef cattle—A few farms were found in this survey on which a 
. number of cows of no particular breed, but mostly of dairy blood, 
were kept but not milked. They were utlized to raise a number of 
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veal calves. The owners called these beef cattle. These farms were 
operated by men who had no help. The labor incomes on all of them 
were very unsatisfactory. 

Twenty-seven farms were found on which steers were fed. The 
percentage of receipts from steers on each of the 27 farms exceeds 20 
on only 10 farms and 40 on 2 farms. Steer feeding is thus a busi- 
ness little followed in this section. This of itself is an indication 
that conditions are not generally favorable to the steer-feeding busi- 
ness, especially when it is remembered that in the early days this 
was a leading industry in Chester County. Its absence is not merely ~ 
due to lack of knowledge of the business, but to lack of economic 
conditions favoring it. We have also seen that in the main this busi- 
ness tends to gravitate to the larger farms. It appears especially on 
those farms that are somewhat too large for one-man dairy farms, 
and again more commonly on farms too large for two-man dairy 
farms. It is an extensive system of farming. Ordinarily the profits 
from it are so small that the small farmer can not well make a living 
at it. It appears, however, to be a fairly satisfactory business on 
jarge farms in this area. 

The relation between steer feeding and the resulting labor incomes 
is shown in Table XXIV: 


TABLE XXIV.—Percentage of income from steers as related to labor income. 


Ze iu beeen Pes ee ee Ne ed IN Goya Ds: «|| Sibi) Wd) eS 


Three hundred and fifty-one of the farms fed no steers and made 
profits slightly greater than the average. The 17 farms deriving 
from 1 to 19 per cent of their income from steers made labor incomes — 
6 per cent below the average. The 10 farms deriving a larger share 
of income from this source made labor incomes 14 per cent below the — 
average. These results, though based on rather meager data, are 
consistent with those found in other surveys where small farms are 
the rule. | 

Sheep.—As previously stated, sheep were found on only 14 of these 
farms. Six of them had flocks of breeding ewes numbering from 35 
to 55 head. The others had only a few head each. The numbers are 
too small to give very significant results in a comparison of labor 
incomes on farms with and without sheep, but this fact of itself indi- 
cates that these animals are poorly adapted to the conditions prevail- 
ing here. The 364 farms having no sheep made labor incomes 1 per 
cent above the average. Twelve farms deriving 1 to 19 per cent of 
their income from sheep made labor incomes 26 per cent below, and 
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the 2 farms deriving a greater portion of income from them made 
labor incomes 39 per cent below the average. As has already been 
stated, sheep represent a form of extensive farming which, in this 
region as elsewhere, tends to gravitate toward the larger farms. 

In regions where the farms are not heavily stocked with animals 
that are capable of consuming the coarse roughage and the natural 
growth that wouid go to waste on various parts of the farm, it would 
probably pay to keep a small flock of sheep as scavengers. So long 
as their feed consists largely of such materials they should be profit- 
able. Small numbers of sheep may be moved about the farm in such 
a way as to avoid largely the danger of infection from parasites. 
When large numbers are kept the battle against parasites becomes a 
severe one. Generally speaking, the eastern farmer can not com- 
pete with the western ranges and those of the Appalachian Moun- 
tain ‘country in raising sheep. The winter feeding of lambs is a dif- 

_ ferent business. No examples of it were found in this area. It is too 
far removed from the source of supply of feeders. Most of the farms 
are also too small to make this business SSO The profits are 
too small for the small farmer. 

Swine.—In the days before the development of the dairy industry 
here, and during the early history of dairying, when butter making 
was its prominent feature, swine occupied an important position in 
the agriculture of Chester County. The Chester White breed of 
swine originated here and took its name from that of the county. 
Since the decline of butter making swine have assumed a minor place 
in the local agriculture, though they are quite generally kept in 
small numbers as a means of producing home supplies. About half 
the farms analyzed in this survey sold a small quantity of pork 
products. Five of them derived from 20 to 80 per cent of their 
imcome from this source and 24 others from 10 to 20 per cent. On 
the face of the returns those farms deriving part of their income 
from swine made greater profits than those that did not, but the 
data are not sufficiently extensive to demonstrate that hogs are more 
profitable here than the local farmers generaily consider them to be. 
So far as they go, the indications are that it would pay these farmers 
to give more attention to swine. 

Most profitable combination of enterprises—From the foregoing 
discussion it appears that dairying may occupy almost any status in 
this region from that of furnishing about one-fourth of the income 
to that of almost the sole source of income, the latter especially if 

_ the cows are of high quality and the farm is well stocked with them. 

| Of the remaining enterprises, the most profitable status appears 

| to be approximately as follows: Corn should occupy all the first 

year and a good part, if not all, of the second year of the rotation, 
14138°—Bull, 341—16——4 
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and most of the crop should be fed. Oats should be entirely elimi- 
nated, and their place should be taken by an annual hay crop. This 
crop may occupy a part of the second year of the rotation with corn 
and potatoes, or if corn occupies all of the first and second years, it may 
occupy the third year, along with the potatoes. The proper position 
of the potato crop is not revealed in these studies, for the reason that 
the price was abnormally high the year the data were taken. It is 
probable that the status they now occupy is approximately what it 
should be. Especially on the smaller farms they help to fill the labor 
schedule. Wheat should occupy one year in the rotation and hay 
two years. Most of the hay should be fed, but especially on the 
larger farms a good deal of it may be sold with profit. Fruit should 
be grown as a means of producing home supplies, and a small amount 
may be grown for sale. Beyond this it does not seem advisable to 
go into the matter of fruit culture. 

Apparently the farmer of this locality should give somewhat more 
attention to swine, especially as a means of producing home supplies, 
but also as a minor source of income. Each farm should keep a 
flock of hens, usually not less than 50, nor more than 150 or 200. 
The exceptional man, especially if his farm is small, may give this 
enterprise more attention than this. Steer feeding should, in the 
main, be confined to farms that are not adapted to the dairy business, 
usually for lack of suitable labor, and should ordinarily be confined 
to farms of considerable size. The same is true of sheep. They do 
not appear to be so well adapted to the conditions prevailing here as 
steers. It is only the large farmer who can hope to make a satisfactory 
profit from them in this region. 

The farmer who has a large herd of exceptionally good cows can 
afford to give less attention to other sources of income. But as the 
quality of the cows decreases their number should also decrease, and 
the farmer should depend more and more on other sources of income. 
Thus he might sell more hay and corn, keep a few more hens, give | 
more attention to hogs, ete. 

The importance of the dairy cow in this region renders it highly 
important that the farmers give more attention to improvement in 
the quality of their cows. This can hardly be done so long as the 
major portion of the cows are bought, for cows of the best quality 
are usually not for sale, and even when they are the price is so high 
that the farmer will find it more profitable to raise them. This sub- 
ject 1s further discussed in connection with quality of the farm busi- 
ness later in this bulletin. 

Résumé of conditions affecting types of farming.—In the preced- 
ing pages we have found that on by far the greater number of farms 
in this region dairying is the major enterprise, with hay, wheat, and 
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poultry of considerable importance, while potatoes, hogs, and corn 
constitute considerable, though less important, sources of direct in- 
come. Fruit is the only other enterprise generally found on these 
farms, and in nearly all cases it is a very small enterprise, designed 
principally for the production of home supplies. We have also found 
that the sources of income on these Chester County farms differ 
radically from those in certain other sections of the country. While 
some of these differences may be due merely to local customs inherited 
from the preceding generation of farmers, there are also deeper un- 
derlying causes. 

The principal factors which determine the distribution of farm 
enterprises are climate, soil, and local conditions with reference to 
market demands, market prices, and the character and amount of the 
available supply of labor. These are the factors which, in general, 
determine whether or not a given enterprise is adapted to a specific 
locality, but it does not at all follow that because an enterprise is 
adapted to the conditions prevailing generally in a region it is 
adapted to every farm in that region, for the business conditions on 
individual farms may make neighboring farms adapted to quite dif- 
ferent types of farming. We have already seen that some of the types 
of farming found in Chester County can be made quite successful if 
the farm is large enough. This is especially true of steer feeding. In 
some localities the distance to a shipping point may have considerable 
effect on the types of enterprises which each individual farmer should 
select. The amount of labor available to the farmer, the amount of 
capital at his disposal, and the character and amount of the equip- 
ment already on the farm also have an important influence in de- 
termining the enterprises which the individual farmer should attempt 
to maintain. Unless, therefore, the conditions which determine what 
enterprises are adapted to the region as a whole limit the profitable 
enterprises to a very small number, we should expect to find con- 
siderable diversity in types of farming. In Chester County the en- 
terprises adapted to the general region are comparatively few in 
number, though more numerous than is the case in some other sections 
of this country. It happens also that the one enterprise which seems 
best at home here, namely, dairying, can be successfully conducted, if 
right methods are used, on farms varying greatly in size. For these 
reasons we find greater uniformity in the type of farming in this 
locality than is generally the case in most parts of the country. There 
is considerable diversity in the local agriculture, but it is a diversity 
which is characteristic of the individual farm and does not in general 
result in classes of farms devoted to different types of farming. 

Table X XV gives the list of enterprises which are of any impor- 
tance in this region, together with the factors which are favorable and 
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those which are unfavorable to each. This table is almost self- 
explanatory. It will be noted that dairying is handicapped by but one 
unfavorable condition and that one which can be neutralized by 


* 


breeding up the dairy herds to meet the high pice of hay and grain 


with a maximum milk production. 


TABLE XXV.—Some favorable and unfavorable conditions affecting types of 
farming, Chester County. 


Enterprises. Favorable conditions. Unfavorable conditions. 


Dalry esas secon Good markets; excellent pastures; corn; | High price of hay and grain. 
hay; size of farms; character of labor; 
gives winter employment. 


Hay.- ues onan High prices; usefulness as feed; soil; | Short season of employment. 
° climate. : 

Potatoes: ee eree Nearness to markets; climate favorable; | Prices variable; low yields; soil. 
distributes labor. 

Wihleatesse: s225 24 Soil; nurse crop for grasses; seasonal | Small farms; western ee aay small 
distribution of labor; furnishes bed- profit per acre. 
ding. 

le wNlin ys esossodse54 Excellent markets; soil; climate; pro- | Competition from small flocks everywhere. 


duction of home supplies; utilization 

of spare time and waste materials. 

Hothouse products .| Nearby great city; provide winter work.| Diseases; danger of overproduction. 

Te lopete enesecebe Good market; pastures................. High price of concentrates; danger from 
- cholera; competition with dairying; 

lack of Skim milk. 


Combsc. Sasss2se88 Good market; usefulness as feed; soil; | Furnishes no profitable employment from 
climate. July to late September. 
AirickaClopsesses ee Good market; home supplies...-.-.--.- Competition of near-by soils better adapted. 
Org bb ee tes clemnes wees bees Ones ea ciss egies mines eee eee Soil (?); topography (?); fluctuation of 
production and prices. 
iB eeticattlenserse oe Good market; crops; pastures; climate.| High price of feed; smallness of farms; 
competition with dairyin 
Sheepisss- seer aloes QO iiss noes see Ps eeaecie'se Sie eenceeee High price of feed; smallness of farms; | 


parasites; dogs; competition with dairy-" 
ing; small per cent of nonarable land. 
Oats ieee sopnecn Valueiasiiced sass 2 a= -- eye semen Climate; small value per acre; poor nurse 
crop. 


[elation of type of farming to distance to market.—The region of 
this survey is so well provided with transportation facilities that 
none of the farms is located more than 5 miles from a possible ship- 
ping point. A tabulation of the various types of farming and their 
relative frequency at different distances from shipping points shows 
practically no relations existing in this territory between the two. 
There are localities, however, in which many farms are located at 
great distances from a shipping point, and in which this fact becomes 
an important factor in determining the enterprise best suited to 
individual farms. 

Special farms.—As previously stated, 27 of the owner farms found 
in this survey were either wholly or partly devoted to the production 


of hothouse products, mainly mushrooms. A few farms produced - 


hothouse tomatoes, and two of them derived a large per cent of their 
income from carnations. For the year of this survey (1911) these 
special farms made very satisfactory profits, considerably larger than 
farms of other types in this region, but it would be ruinous from the 
standpoint of profits for the farmers of this region generally to 
undertake a hothouse business. Overproduction would be inevitable. 
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The data obtained about the details of the hothouse business in this 
locality were not sufficient to permit a more detailed consideration of 
these special farms in this bulletin. 


MAGNITUDE OF THE FARM BUSINESS. 


The magnitude of the farm business may be measured in a number 
of ways. In comparing farms where the land is of similar character 
and of the same price per acre, the magnitude of the farm business 
is quite closely proportional to the sum of the interest on the capital 
invested, current expenses, depreciation, and wages for the operator. 
But this method would not be accurate in dealing with farms on 
which the land differs widely in price but not in yielding power. 
If the land is very high priced, a given amount of business might 
require a very large amount of capital, while with low-priced land 
the same amount of business will require much less capital. 

In most farm-management surveys the land of the different farms 
included is at least comparable in price, or where this is not the case 
the differences in many cases are due to difference in the real value 
of the land for farm purposes. Under such conditions it is fairly 
easy to establish a basis on which to measure the magnitude of the 
farm business. The problem is much more difficult when a com- 
parison is to be made between farms in different regions in which 
the economic conditions, especially land prices, are widely different. 

In dealing with the farms of a limited region where the various 
types of farming do not differ markedly in the amount of labor re- 
quired in comparison with other expenses, perhaps the most accu- 
rate measure of magnitude is the sum of the area in crops and the 
crop area equivalent of the area in pasture. But it is not always 
easy to determine how many acres of pasture are equivalent to one 
acre of field crops from the standpoint of feed produced. If the 
comparison to be made, however, includes farms on which the per- 
centage of pasture land varies widely, it is necessary to use some such 
basis as that just mentioned in order to get a fair comparison of 
magnitude. 

In the area here under consideration the proportion of land in 
pasture, especially when the farms are considered in groups, varies 
within narrow limits. In such cases the area in crops alone gives 
a fairly satisfactory measure of magnitude, since it is proportional 
to the sum of the crop and pasture area. 

In many localities a considerable proportion of every farm is 
made up of rough land, frequently occupied by timber, and in such 
regions the proportion of the farm thus occupied may vary greatly. 
In such a case it is evident that the size of the farm—that is, the 
number of acres in the whole farm—is utterly useless as a measure 
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of the size of the farm business. In these cases. it would be better 
to use the crop area plus the crop equivalent of the pasture area. By 
referring to Table II it will be seen that when the farms in this 
survey are averaged in groups the total woodland and waste land 
varies within narrow limits. Hence in this Chester County area the 
size of the farm itself is very closely proportional to the magnitude 
of the farm business. For this reason it has been used in this 
bulletin in the tabulations which involve the relation of the magni- 
tude of the farm business to other factors. This method, as above 
stated, would not be applicable to a region in which a large and 
variable proportion of the land is practically unused in the business. 


THE MINIMUM EFFICIENT UNIT. 


The “ minimum efficient unit” in agriculture is a farm of sufficient 
size and so organized as to give full employment at productive labor 
to the farm family. The farm may be any amount larger than 
this, provided the operator has sufficient managerial ability to make 
the larger business efficient, but there are very distinct disadvantages 
if the farm business is smaller than the most efficient unit as above 
described. When such is the case the farm family does not have — 
the opportunity to exert its full earning power. 

The fact that the minimum efficient unit in farming is relatively 
very small as compared with most other industries is the most at- 
tractive feature of farming as a business. Because of the small size 
of this unit economic independence is fairly easy of accomplishment, 
and many prefer independence with a moderate competence to de- 
pendence with a very small chance of pronounced success. 

The ideal size of farm is somewhat larger than the minimum 
efficient unit. It is such as to permit a high standard of living and 
the education of the farm children, but the ordinary family farm. 
with good management will often permit this. 

Farms in the North Atlantic States are mostly small in area. The 
reason for this is mainly historical and has already been set forth in 
the introduction to this bulletin. Attention has algo been called to 
the fact that in increasing the farm business on these small farms in 
order to meet the competition with larger farms in the West, the line . 
of least resistance was represented by the development of more in- 
tensive farming rather than extension of acreage, though examples 
of both methods of enlarging the business are frequently found. It 
requires somewhat greater ability on the part of the farmer to con- 
duct an intensive business on a small area than it does a more ex-. 
tensive business of similar magnitude on a larger area. Hence, a 
large proportion of eastern farmers with small areas of land at their 
disposal have not been as successful as might be wished in developing 
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a business of suitable magnitude. There are still very many eastern 
farms that are far too small for satisfactory results. In this survey, 
of the 378 farms conducted by their owners 54 of them were from 
13 to 40 acres in area. The average labor income made by these 54 
farmers was only $240, which is considerably less than ordinary farm 
wages. (See Table X XVI.) 

Just the opposite condition is found in the corn belt. There magni- 
tude of business is obtained by extent of acreage, and large farms are 
the rule, small ones being the exception. Since there is ample demand 
for the principal products of intensive farming in the region of 
Chester County, it is perhaps fortunate that the average size of farm 
is such as to require at least a considerable degree of intensity in the 
farming. The relatively small farm makes it possible to maintain 
better schools and a more satisfactory social life in the country, but 
this applies only to farms of moderate size in this area. A large 
number of farms are too small to permit satisfactory profits to the 
owners. 


RELATION OF SIZE OF FARM TO LABOR INCOME. 


The relation of size of farm to labor income is shown in Table 
XXVI. The farms 13 to 40 acres in size, averaging 28 acres, are 54 
in number, with an average labor income of $240 per year. This rep- 
resents what the farmer himself gets for his labor and managerial 
ability, the value of the unpaid family labor having already been 
accounted for as a part of the expenses of the business. 


TABLE XXVI.—Relation of size of farm to labor income on 378 farms operated 
by owners in Chester County. 


is per cent of 
verage | farms with 

Size of farms, in acres. Aner pe UEaee labor labor in- 
E fi income. | come $1,000 

or more. 

Acres 

ISG UL dead cddbe Se ce D ee OB ASRS: CB: DSGS So EEE Beeeeoeee Sees 54 28 $240 6 
LL Ha God Se Sse eS ee ee ee ee a ee as 61 52 550 10 
HU hd £4 ono SERCH GEESE BEEBE SIE CES Sa Seana ies 60 73 730 25 
fi RVI Se ES Sat SD Se See ee cee a alee Se 68 93 848 34 
PUP RL OREO erento 5 nn eee eb Re Sle J ie ice teeaenaicte 52 110 937 46 
LL UG Wat, 2S 328 SEs BOS ees See eee ee eee eee ws 61 136 1,094 46 
enn GRO Osama ree tke cie Noe PEON OS ABLE joboacke odace se 22 203 1,575 68 
PS CLS Gomera ees Oe gnc ps eee eo GS See oe ae 378 90 789 30 


A good many of these farmers found it necessary to obtain a con- 
siderable proportion of their income from work outside the farm. 
In addition to this, the farm family has what the farm furnishes 
toward the family living, and interest on the capital invested. Only 
three of the 54, or about 6 per cent of the whole, made labor incomes 
in excess of $1,000. The next group of farms, consisting of those 
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from 41 to 60 acres in area, and averaging 52 acres, contains 61 
farms. The labor income was, on the average, $550. Ten per cent 
of these farmers had labor incomes over $1,000. There were 60 farms 
of 61 to 80 acres in area, averaging 73 acres, and having an average 
labor income of $730. ‘Twenty-five per cent of this group made labor 
incomes over $1,000. In the 81 to 100 acre groups 68 farms, averaging 
93 acres in area, produced an average labor income of $848, 34 per 
cent of them being over $1,000. Of the 52 farms in the 101 to 120 acre 
group, averaging 110 acres, the owners made an average labor income 
of $937, 46 per cent of them being above $1,000. Above this acreage 
the number of farms falls off rapidly, and in order to secure a num- 
ber of farms comparable with those in the preceding groups it was 
necessary to broaden the size limits of the group to 40 acres. This 
gives 61 farms of 121 to 160 acres, averaging 136. The average labor 
income was $1,094. Here, again, 46 per cent of the farmers earned 
over $1,000 each. There were only 22 farms of more than 160 acres, 
the largest being 393 acres. The average area of the 22 farms is 
203 acres and the average labor income of the owners $1,575. Sixty- 
eight per cent of these large-farm owners made labor incomes in ex- 
cess of $1,000. We have here a very conclusive demonstration of one 
of the fundamental principles of farm management, and that is that 
one of the most important factors of efficiency in farming is the 
magnitude of the farm business. 

The prevalent style of farm organization in this region is such 
that the magnitude of the business conducted on a given area is con- 
siderably larger than on a similar area in most sections of the Mid- 
dle West, so that the labor incomes obtained here on farms, say of 
40 to 80 acres, are comparable with those obtained on considerably 
larger farms in regions where the farming is less intensive. While 
only 10 per cent of the farmers of the 41 to 60 acre group made more 
than $1,000 labor income, the average of this group was $550, which 
is fairly satisfactory when it is remembered that in addition to this 
labor income the family has the interest on its investment and what- 
ever the farm furnishes toward the family living. Such an income 
will permit a very satisfactory standard of living, but it must be re- 
membered that it is more difficult to make a good living on a farm 
of this size even in this region than it is on a larger farm, and when 
we come to consider tenant farming here we shall see that tenants, 
as a rule, avoid the small farms. Below 40 acres the difficulties of 
success with the type of farming most prevalent in this region, 
namely, dairying, are so great that only one man in sixteen was able 
to make over $1,000 a year for his labor. These farms are unques- 
tionably too small for the average man following this type of farm- 
ing. Itis only when the size of farm reaches 121 to 160 acres that the 


a 


average farmer is able to make a labor income above $1,000. In our 
work we must deal primarily with the average farmer and state the 
conditions under which he can be successful. The unusual man can 
succeed under much more difficult conditions. 

Figure 8 shows the relation between labor income and size of farm 
in graphic form. The points of the broken line in this figure rep- 
resent the average size of farm in each of the groups shown in Table 
XXVI and the average labor income made by each of these groups 
of farmers. Size of farm is shown at the bottom of the figure and 
labor income in the left margin. The broken line shows even more 
clearly than the figures of Table X XVI that as the size of farm 
increases the average labor income increases, and within the limits 
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AVERAGE LABOR INCOME- DOLLARS 


100 
Se OF FARMS- pial 


Fic. 8.—Relation of size of farm (area) to labor income; 378 owner farms. 


of the sizes found in this survey the increase in labor income keeps 
pace with increase in area. If the larger farms were devoted to 
distinctly different types of farming from the small farms, or if 
there were many farms so large that their owners could not manage 
them efficiently, there would probably be a different story to tell. 
Figure 9 shows quite clearly that size of farm is not the only factor 
of efficiency in farming. In this figure the labor income of every 
one of the 378 farms is shown individually. Each of the 378 vertical 
lines represents the labor income of a particular farm as measured 
on the scale at the left of the diagram, the highest labor income 
being approximately $3,700 on a farm of about 175 acres. In this 
diagram the farms are arranged according to size, the smallest being 
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at the right and the largest. at the left of the diagram. The line 
running clear across the lower part of the diagram shows approxi- 
mately the size of each farm as measured on the scale of acres shown 
at the left. The largest farm was 393 acres and the smallest 13 acres. 
The first farm to reach a labor income of more than $1,000 was a 
farm of about 37 acres. It was an intensive dairy farm conducted 
by a very efficient owner. The first farm to reach a labor income of 
more than $2,000 was one of 80 acres and of similar type to the 
smaller farm just mentioned. The first to reach $3,000 was a farm 
of 120 acres, which was also a dairy farm, but quite diversified in 
character, having several other important enterprises. Quite a num- 
ber of minus labor incomes are shown, represented by the vertical. 
columns projecting downward from the zero line of labor incomes. 
The largest minus labor income was found on a farm of more than 


RELATION OF SIZE OF FARM TO LABOR INC OME 


LABOR INGOMES 


_ Fie. 9.—Labor income and area of each of the 378 farms operated by their owners. 


100 acres and the next largest on a farm of about 120 acres. Thus 
a large farm presents the possibility of large losses as well as large 
profits. Size of farm, then, is not sufficient; the farm must be 
properly organized and efficiently managed and must be devoted to 
types of farming that are suited to the locality and to. the business 
conditions on the farm. The largest minus labor income shown on 
this diagram was due to a serious error in the selection of the type 
of farming. 

It will be noticed that many minus labor incomes are shown on the 
very small farms at the right of the diagram in figure 9. The next 
largest number of minus labor incomes is found just to the right of 
the middle of the diagram, on farms of about 70 to 90 acres. These 
farms were of proper size for a good two-man dairy farm, but for 
some reason they were not organized in this manner and were conse- 
quently not efficient, but some of the most efficient farms found, tak- 
ing their size into consideration, belong in this group.’ It will be 
noticed that there are distinct stages in the increase of the highest 
labor incomes as we proceed from the small to the large farms in this’ 
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diagram. The first marked increase occurs at about 35 acres. Beyond 
this there is not much change in the maximum labor incomes until _ 
we reach about 75 or 80 acres, though the nwmber of farmers making 
good incomes is greater on the average as the size of the farm in- 
creases. The 40 to 50 acre dairy farm here represents the efficient 
size of a one-man farm. From this up to about 75 acres the farms are 
not large enough for full-sized two-man farms, unless organized and 
equipped with a good deal of skill. Yet they are too large for one- 
man farms. A good many of the farms of this size were equipped 
with two-man outfits, which were not fully utilized. Others were 
equipped with one-man outfits which could not conduct the business 
efficiently. This accounts for the fact that a few well-organized and 
well-conducted farms of about 35 to 40 acres in size were approxi- 
mately as efficient as any of the farms until we reach about 80 acres. 
At this point we reach the efficient size two-man farm, and immedi- 
ately we begin to find farms with much larger labor incomes. Above 
this we have a group-of farms somewhat too large for efficient opera- 
tion on a two-man basis and somewhat too small for efficient operation 
on a three-man basis. While the proportion of successful farmers is 
larger in the upper portion of these limits, there are individual farms 
around 80 acres which have larger labor incomes than any other 
farms within the limits here under consideration. 

The results shown in figure 9 demonstrate that we must use care 
in interpreting averages in farm-management surveys. There are 
other factors which may, in special cases, become more important 
than magnitude of business. The average labor income of the 
entire 378 farms operated by their owners is $789. This is con- 
siderably larger than the average labor incomes found in most of our 
surveys. This, however, does not necessarily mean that the farmers 
of this locality have better incomes than those elsewhere. The labor 
income is what is left of the net income of the farm after allowance 
has been made for interest on the capital invested in the business. 
The rate of interest used in making these calculations was 5 per cent,’ 
which rate is approximately the prevailing rate for well-secured farm 
loans. But one reason for using this rate was to make it possible 
to compare the average labor income of farmers in this region with 
those of others in which this same rate was used. 

There is a very distinct tendency for the price of farm property, 
especially real estate, to rise to such a point as to absorb all the 
profits in farming except the wages of the operator. The higher 
labor incomes found in Chester County simply indicate that the 
farmers of this region had not at the time of this survey (1911-12) 
fully capitalized the earning power of their property. Under such 
conditions it is impossible to buy land at the prevailing prices with 
some degree of certainty that it can be made profitable: As previously 
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stated, the price of farm land has risen materially in this locality 
since the survey was made. Unless there has been a corresponding 
increase in the price of farm products, which is very doubtful, a 
repetition of this survey would therefore show a decrease in labor 
incomes, because a larger proportion of the profits would be absorbed 
by interest on the investment. 


RELATION OF SIZE OF FARM TO EFFICIENCY. 


In Table X XVII some of the reasons are given why it is easier to 
make a satisfactory income on a large farm than on a small one. Let 
us consider first the number of productive work units per farm. On 
many farms a great deal of the work is devoted to things which add 
little or nothing to the profits of the business. By productive work 
we mean work applied to an enterprise which constitutes a source of 
income, and by a work unit we mean an average day’s work of a man 
or a beast. 


TABLE XXVII.—Relation of size of farm to efficient use of labor and working 
capital, Chester County owners. 


Productive Ratio of cost of 
work units Value Value | uildings to 
Num-| per farm. Crop | Manla- 1 ve Crop Work ena, farm income. 
Sizes offarms, | ber acres | bor per a Bos ey horses es z 
in acres. of per | crop pea eek ee per mi 
farms. man. | acre. h man. (pe Dwell. Other 
Man. | Horse. per otse: ren eA puilde 
man. acre. in, ings 
Wit AO! Se ae 54 | 184 - 82) 13.7 | $20.74 | $23.93 9.0 1.5 | $15.11 3.41 2.78 
Alto 602 525-)3)5- 12 61 299 140 | 20. 15.78 | 26.60 11.9 ie 7 12.57 2.19 1.91 
61 to 80.....---- 60 | 372 177 | 23.2] 13.98 | 27.12 13.9 17) |) 1192 1. 88 1.89 
SUto 1002. -2--- 68 | 475 226 | 25.2) 13.46] 28.30 14.5 1.7] 10.79 1.76 2.03 
101 to 120....... EG) || sil 259 | 25.6} 13.64] 29.22 15.0 1.6 | 11.80 1. 83 1.92 
120 Ton eee 61 | 582 286 | 29.0} 11.80] 28.50 16.8 if 9. 20 1.62 1. 83 
aidcjoieaisecke 22 | 856 444] 31.1] 13.05 | 33.77 17.4 1.8 8.94 1.68 1.91 
Allsizes..| 378 | 439 211 | 24.7 | 13.69 | 28.27 14.7 1.7 10.88 1.88 1.96 


The 54 farms of 40 acres or less furnish their owners on the 
average 184 productive man-work units and 82 productive horse- 
work units a year. A man who works at profitable employment only 
184 days in the year does not get a good income unless he is a man 
of unusual ability. These farms are too small to give a sufficient 
amount of labor with the style of organization which prevails on 
them. If the region were one which permitted still more intensive 
farming, these farms might permit a satisfactory business. ‘The 
third and fourth columns of Table X XVII show that as the farms 
increase in size the amount of labor the farm provides increases 
markedly. In the case of the 22 farms of more than 160 acres we 
have an average of 856 man-work units and 444 horse-work units. 
It will be noticed that in all the groups the number of productive 
horse-work units is about half those of the productive man units. 
On the average for the whole number of farms there are 439 man 
and 211 horse work units. This increase in the number of produc- 
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tive work units with increasing size of farm is perhaps the principal 
reason for the average increase in labor income. 

Not only does the large farm furnish a larger amount of profitable 
labor, but it is easier for the owner to secure more efficient use of 
labor on the larger farms. That is, he does not have to exert himself 
so much to find profitable employment for himself and the labor 
available to him. This is shown in the fifth column of Table 
XX VII, under the heading “ Crop acres per man.” Although these 
farms are all organized in approximately the same manner. and, on 
the whole, are conducted in much the same way, the number of 
crop acres per man in the group of smallest farms is only 13.7, while 
on the largest farms it is 31.1 acres, there being a general increase in 
acres per man with increase in size of farm. On the larger farms the 
laborers devoted a greater proportion of their time to really profit- 
able employment. This is another reason why the large farm is 
easier to make profitable than the small one. 

The next column of the table, headed “ Man labor per crop acre,” 
shows much the same thing, though from a different viewpoint. On 
the first group of farms—that is, the very small farms—the whole 
amount of man labor done on the farm costs $20.74 for every acre of 
crops grown. This includes all the labor of the farm, not merely 
the crop labor. As the size of farm increases the amount of the total 
farm labor per acre of crops gradually decreases until in the next 
to the last group it amounts to only $11.80 per crop acre. In the next 
group it is somewhat larger, these very large farms—that is, for this 
region—perhaps being somewhat less efficiently managed than the 
farms somewhat smaller. This column merely shows that on the 
larger farms the labor is more efficiently applied. The next column, 
headed “ Value of labor per month per man,” shows that the larger 
the farm the more the farmer can afford to pay in wages. The 
figures in this column are based on wages actually paid and the 
farmer’s estimate of the value of his own labor and that of the unpaid 
members of his family. The larger farms are able to pay higher 
wages and, at the same time, make greater profits. The next column 
shows the crop acres per work horse. Here again we have a great 
increase in efficiency of work horses as the size of the farm increases, 


_the number of crop acres per work horse being approximately twice 


as great in the last group as in the first. The column headed “ Work 
horses per man ” shows again that the man labor on the larger farms 
is more efficient than it is on the smaller, the average number of work 
horses per man increasing with the size of the farm. 

When it comes to the matter of expenses the large farms again 
have the advantage, as shown in the column headed “ Value of ma- 
chinery per crop acre.” We shall see later that the small farms are 
not as adequately equipped with labor-saving machinery as the large 
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farms. Nevertheless, the necessities of the case require that the 
expenditure for machinery be nearly twice as much per acre of crops © 
on the smallest farms as on the largest, and there is an almost regular 
decrease in the value of machinery per acre as the size of the farm 
increases. A similar state of affairs is shown in the last two col- 
umns of the table. On the very small farms the average value of 
the farm dwellings is 3.41 times, while on the largest farms it is only 
1.68 times the net farm income. Similarly, the cost of other build- 
ings is relatively very much larger on the small farms than it is on 
the large ones, as shown when the value of the buildings is measured 
in terms of the net farm income. The cost of farm buildings in this 
area is considerably higher than it is in many other sections of the 
country. This is due mainly to the fact that farm structures are 
more substantially built here than is customary in more newly set- 
tled sections. It is doubtful, however, in view of the very substan- 
tial construction of these buildings, whether the annual cost of main- 
tenance for farm buildings is much, if any, larger than it is in the 
Middle West, where the buildings cost less but are less substantially 
built. The amount of money the farmer can afford to put into a 
building depends in part on the length of time it will last. It may 
be, therefore, just as cheap in the long run to build a very substan- 
tial building that will last a century as to build a much cheaper one that 
will last only 30 years. While the interest charges are greater on 
the more expensive building, the depreciation and repairs may be 
much less. This is a problem which has not yet been worked out 
fully. We do not know just what proportion of the farmer’s income 
he is justified in putting into farm buildings, though this is one of 
the important problems under investigation. 

Table XXVIII shows another reason why small farms are more 
difficult to make profitable than large ones. This table shows the 
annual repair and interest charges on machinery and buildings and 
the repair charges on fences on farms of different size. In the last 
column of the table these expenses are combined and reduced to an 
acre basis. 


TABLE XXVIII.—RKelation of size of farm to yearly interest and repair charges 
on machinery, buildings, and fences on 378 owner farms, Chester County. 


Cost per farm. 


- ats | Cost 

Size of farm, in acres. Machinery: PILES. per 

Fence | Total} acre. 

Re- | Inter- Re- | Inter- | 7, repairs sirm 
pairs. est. Total. pairs. est. Total. 

6GQian@ less: sf. Ss eaasen eck $9 $18 $27 $11 $162 $173 $6 $206 $5. 81 
GIto MOOR Aas Se Ee 14 29 43 11 248 259 8 310 5. 80 
LOU tO GO Nees Se ree es 21 37 _ 58 16 308 324 14 396 4. 54 
ONer 160M A ees. sees 4] 53 4 3 493 496 18 608 4.31 
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The total expense per acre for these purposes is seen to be $5.81 on 
the smallest farms and grows gradually less as the size of the farm 
increases, and on the largest farms it is only $4.31. 

This matter of the relation of the size of the farm to the ease of 
making a satisfactory profit has been dwelt upon at considerable 
leneth in these pages because of the notion which so widely prevails 
that the ideal in American agriculture is the small farm. Numerous 
real-estate promotion schemes all over the country are based on this 
idea. Itisa distinct fallacy. Very small farms are difficult to make 
successful anywhere, under American conditions, and‘it is only the 


exceptional man who is equal to the task. They must always be 


devoted to the most intensive types of farming, and the products of 
most kinds of intensive farming fluctuate enormously in volume and 
price, so that the business is very insecure. The danger is greatly 
magnified if these small farms are situated a long’ distance from 
market, for prices of their products do not have to fall very far until 
the transportation charges wipe out all profits. Even in the vicinity 
of the best markets these small farms succeed only in localities where 
they have distinct advantages for the particular type of farming 
which they follow. 


RELATION OF THE NUMBER OF DAYS WORK PER YEAR TO LABOR INCOME. 


In Table X XIX the 378 owner farms are divided into groups based 
on the number of man work units (or productive days’ work) per 
farm. One hundred and seventeen of these farms had less than 300 
man days’ work, with an average of 211. These same farmers had an 
average of 111 horse days’ work. This includes only the productive 
labor of the farm; that is, labor applied directly to a productive 
enterprise. 


TABLE XXIX.—Relation of the number of productive days’ work per farm to 
labor mcome, Chester County owners. 


aes Man Horse Average : 
: umber} work work : Labor | Adjusted 
Man work units per farm. of farms. | units per | units per seo income. | income. 
farm. farm. i 
Acres. Per cent. 
BOATIGULESS ee Werte SSE he ISSN SS et 117 211 111 49 $336 78 
FUL VO GD Seb Sadie Se SOE ae Cosette eee meee 129 395 198 88 703 94 
SUL UDO 2 sea Saat seas oa ae orga a 89 588 278 116 1, 083 112 
DT BEL ONCE SSR ae ee oe oer a 43 878 378 . 151 1, 668 152 
INCE NE see SES Ae ae ae 378 439 211 90 | 789 100 


The average labor income on this group of farms is $336, or, fig- 
ured in percentage, as explained -on a previous page, 78 per cent of 
the average of all the farms. The table shows that as the number 
of productive work units increases the labor income increases very 
markedly. Forty-three of these farms had over 700 productive man 
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days’ work, with an average of 878, and 378 productive horse days’ 
work. Their average labor income was 52 per cent above the average 
of the community. 


RELATION OF SIZE OF FARM TOC USE OF LABOR-SAVING EQUIPMENT. 


Table XXX shows quite conclusively one of the striking disad- 
vantages of the small farm as compared with the large farm. Not 
only is the relative expense of labor-saving machinery greater on the 
small farm because of the smaller use that can be made of such 
machinery, but the small farmer frequently can not afford an ade- 
quate equipment, especially in the case of the larger machines and 
implements. ; 

The region of this survey is one in which the disk harrow is par- 
ticularly useful. 5 


TABLE XXX.—Relation of size of farm to use of labor-saving equipment on 378 
owner farms, Chester County. 


| 
Sizeotifarms ss Se Sse ke Ase estes acres. .|60and less.} 61 to 100. | 191 t0 160. | Over 160. | All farms. 


Numberotstarms pees eree eee eee eer eee 115 128 113 22 378 


: Per cent of | Per cent of | Per cent of | Per cent of | Per cent of 
Items of equipment @................---- ee farms farms farms farms farms 
reporting. | reporting. | reporting. | reporting. | reporting. 


Diskiharrowes 30-2 shea eee ene ee 22 27 39 64 31 
VOM Ot se. 2. ee 2 Seek ie ete eno eleva aero 78 91 94 96 88 
Cormplanter:= 2222-222 egseeee ee ones 43 63 74 82 61 
Grampinders-+.sccen seers caac sees 31 70 84 86 63 
Grain idrill: 65-27 Baeseee see see 49 74 90 96 73 
Hay loader. coi scccsinene te Secon see see eRe EEE e - 5 23 27 10 
Hay teddersssi28- cet ess see seen erate eee eee 51 69 81 86 63 
Manurespreaderes- => eaeeeeeeeeeeeeeoee 36 65 82 100 63 
Silolsieizelseeess cco eae apiece ee eeeese 3 12 24 45 15 
Ensilage cutter and feed grinder.-.......-- 26 44 50 64 42 
IDES) GC soenes acba ase sere uopecoragnesSen 23 38 50 64 38 
Cream) Separator. so)-20--Se-c eee cose sasoee 16 9 10 5 il 


a Practically all farms reported wagons, buggies, plows, harrows, mowers, rakes, cultivators, and harness. 


The soil is rather heavy, and the corn crop is usually planted on 
sod land. Under such conditions the disk harrow is a valuable im- 
plement in preparing the seed bed for corn, as well as for other 
crops. The table shows that only 22 per cent of the farms of 60 
acres or less possess this implement, while 64 per cent of the 160-acre 
farms and larger have disk harrows. The roller, being a less ex- 
pensive implement, is found on a much larger percentage of farms, 
but here again the percentage increases with size of farm. In the 
case of the corn planter, 43 per cent of the farms of 60 acres and 
under and 82 per cent of the very large farms own their own ma- 
chines. The farmers of this community overcome this difficulty to 
some extent by owning corn planters in partnership, which is a very 
satisfactory plan, for one corn planter can easily plant in season 
all the corn needed on three or four of these small farms, The same 
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is true of the grain binder. On the larger farms grain binders are 
quite general, and 86 per cent of the big farms own their binders. 
Only 31 per cent of the small farms have this machine and must de- 
_ pend upon getting a neighbor’s machine. Further consideration of the 
figures given in this table is left to the reader. They show con- 
_ clusively that the small farms are inadequately equipped, although, as 
we have already seen, the value of machinery equipment on them is 
_ nearly twice as great per acre as it is on the larger farms. 


DISTRIBUTION OF CAPITAL ON FARMS OF DIFFERENT SIZE. 


_ Table XX XI shows the average capital per farm, and the per cent 
of this capital invested in land, dwelling, other buildings, live stock, 
- machinery, feed, and supplies, and cash to run the farm, for each of 
_ the size groups. The last two lines of the table give similar data 
for 124 tenant farms and 27 special farms. Considering first the 
_ farms operated by their owners, the average capital of the entire 
_ 878 farms is $10,486; on the 54 farms of 13 to 40 acres it is $4,453, 
increasing gradually to $23,124 on the 22 farms of over 160- acres. 
The fourth column of the table shows another reason why it is easier 
to make a profit on a large farm than a small one. 


Chester County (per cent). 


4 
: TABLE XXXI.— Distribution of farm capital on owner, special and tenant farms, 
"4 
4 


Num- Other A ° 
. 4 Average F Live | Machin- | Feedand| Cash to 
_ Size of farm in acres. pane of capital. Land. | House. be Sine. ery. supplies. | run farm. 
5 gs. 
deal || Je Gis || Iza ae |p des aig Wy en tae P. ct. P. ct 
EREOTA) cha ra) cioae aii 54 $4, 453 13.3 35. 4 28.9 12.2 6.4 2.5 11.3 
: PBLOLGO Sa cadessck ani 61 6, 486 20.9 29.4 25.8 13.8 6.4 2.4 1.3 
BPLO SO encase cnc acs « 60 8,948 26.8 24.7 24.9 13.4 6.1 21. 1.4 
LSS Oe ee 68 11, 045 28.5 22.4 25.6 14.0 HS7/ 2.4 1.4 
1 T2700 G2 ese 52 12, 461 28:7 22.9 24.1 14.2 6.2 2.9 1.0 
Wpaetoul60! 2.2.2.5. 61 14, 478 34.8 20.4 23.0 13.2 5.0 2.4 ne, 
Nr G0 eee 22, 23, 124 34.3 19.9 22.5 14.9 4.6 1.9 1.9 
Total average. . 378 10, 486 28.8 23.5 24.5 TB 7/ 5.6 2.5 1.4 
_ Tenant farms.......- 124 12, 030 33.3 22.0 PALES) 14.6 5.8 2:3 1.0 
Special farms. ......- 27 12,893 19.6 30.0 31.9 8.8 SP) 1.9 2.6 


_ The large farms have a markedly greater proportion of their capi- 
tal devoted to land, which is the foundation of the farm business. 
- On the other hand, the small farms have a very much greater per- 
_ centage of their capital invested in buildings. The percentage of in- 
 yestment in live stock is approximately the same in all the groups, 
’ which merely shows the similarity in type of farming and in farm 
organization on farms in this region. The percentage of investment 
in machinery decreases slightly as the farms increase in size. The 
4 proportion of the capital represented by feed and supplies is approxi- 
E 


~ 


mately the same in all the groups except the very largest, where it 
14138°—Bull. 341—16——_5 
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is somewhat smaller. The percentage of the capital represented by 
cash kept on hand for current expenses does not vary greatly. 

We shall later see that the tenants in this area make a considerably 
larger labor income than owners. The principal reasons for this 
will be discussed later, but one of them is shown in this table. On 
the tenant farms the proportion of the capital invested in land is 
considerably larger than it is on owned farms. This is mainly due 
to the fact that the tenant farms are on the average larger than the 
owned farms. The percentage of investment in live stock is some- 
what greater on the tenant farms, and the amount of cash to run 
the farm is somewhat smaller. The 27 special farms, which vary 
from farms of a few acres to some very large farms with a hothouse 
business which is merely incidental to the general farm business, 
have an average capital of $12,893, considerably larger than that of 
the owner farms and about equal to the total capital—that is, invest- 
ment of both landlord and tenant—on the tenant farms. But the 
percentage of capital invested in buildings on the special farms is 
much larger than it is on the others, while that in live stock is much 
smaller. The percentage of cash required for current expenses on 
.these special farms is nearly twice as great as on owned farms and 
two and a half times as great as on the tenant farms. 


EFFICIENCY AS MEASURED BY INCOME ON CAPITAL. 


In the preceding pages the markedly greater efficiency of the large 
as compared with the small farm has been clearly demonstrated 
when considered from the standpoint of the labor income of the 
farmer; but when we consider the subject purely from the standpoint 
cf the interest on capital invested the story is a different one, as is 
seen in Table XXXII. In most parts of Europe this matter is con- 
sidered from the latter standpoint only. 


TABLE XXXII.—IJncome on capital on 378 owner farms, Chester County. 


13 to 41 to 61 to | 81to | 101 to | 121 to | Over Total | Total 
{ 40 60 80 \rotal-{ 


Area groups, acres. . 100 120 160 160 *\| tenant. | special. 


Number of farms..-.- 54 61 60 | 68 52 61 22 378 124 7 


Percentage farm in- 
come is of capital 
invested.........- 10.4 13.5 13.2 IPET/ 12.5 12.6 11.8 12.5 13.5 17.9 

Percentage of income 
on investment 
when value of 
farmer’s labor is 
deducted ee eae sees 4.3 8.6 9.8 9.7 9.8 10.2 9.8 9.4 10.4 14.7 


The agriculture of Europe is based mainly on income: per acre. In 
America more attention is given to income per farm family. The 
reader is left to himself to judge whether it is better for the country 
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as a whole that our agriculture should be efficient from the stand- 
point of the people on the farm or from the standpoint of the 
capitalist who owns the land. Fortunately, as yet, in this country 
‘ the capitalist and the farmer are frequently the same, but even 


where this is the case it is the income per farm family rather than 


_the percentage of profit on the capital invested which makes for good 
citizenship in the country and for a high standard of living on the 


farm. : 
In making the calculations the results of which are shown in 


Table XXXII the farm income is first reduced to percentage of 
capital invested. In the first line of the table the value of the 
_ farmer’s labor is left out of consideration, the entire net income being 


treated as the percentage of profit on capital invested. ‘There is seen 


to be relatively little variation in the figures for different sizes of 
_ farms except that in the smallest and the largest groups the figures 


are somewhat smaller than in the intermediate sizes, and in these 


intermediate sizes the two smallest show a somewhat larger per- 


centage profit than the three groups of larger farms. The last 
line of the table was calculated by using the farmer’s own estimate 
of the value of his labor, subtracting this amount from the net farm 
income, and then expressing the remainder as percentage profit on 
capital invested. This method corresponds to that usually used in 
industries where everyone connected with the business receives a sal- 
ary. The average percentage profit calculated in this manner is 
9.4 per cent for the 378 farms operated by their owners. Except for 
the farms of 40 acres and less, there is comparatively little variation 
in the profits. It is because profits have so often been figured in this 
manner that the public has been misled as to the advantages of the 
large as compared with the small farm. It is interesting to note, as 


shown in next to the last column of Table XXXII, that the per- 
centage profit on the tenant farms calculated by both methods is 
larger than it is on the owner farms. We shall later see the reason 
tor this. 


The year in which this survey was made happened to be one which 


was rather favorable to the mushroom business and the average 


profits made by farmers who grow mushrooms were considerably 


larger than those of the more usual types of farming in this region, as 
is seen by the last column of Table XXXII. There are, however, 
_ years in which the reverse is very distinctly the case. 


DISTRIBUTION OF PRODUCTIVE WORK UNITS. 


Table X XXIII gives some interesting data on the relative pro- 
portion of the productive labor devoted to crops, live stock, and mis- 


_cellaneous purposes on the farms operated by their owners. There is 
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seen to be very little variation on farms of different size except that 
on the larger farms there is a smaller proportion of the miscellaneous 
productive work. On the average about 41 per cent of the productive 
man labor is devoted to crops, 57 per cent to live stock, and a little 
more than 2 per cent is miscellaneous work. 


TABLE XXXIII.—Relation of size of farm to distribution of productive work 
units, Chester County owners. 


Per cent of man work units | Per cent of horse work units 
on— on— 


Size of farm in acres. 


Miscella- Miscella- 
Crops. | Stock. | jeous. | Crops. | Stock. cone 


40iand lessieeeet senso eeer ea eee eee 40.1 55.1 4.8 80.8 15.9 3.3 
40U1O) (BY) 550 sssc0 sesccnsssessessssecaszszes 40.5 55.3 4.2 79.6 17.0 3.4 
GO) GU cGgassobeconoseoscecesossssessoboSs 39.7 57.2 3.1 80.9 15.5 3.6 
SIO l00 ee oases aes eee 40.5 56.0 3.5 82.6 15.5 1.9 
MON) WADESE AS Sse ecaocateaohanaoseEsaseenr 39.5 59.6 9 81.2 16.9 1.9 
IPA oa WSS margcnen ders ssdoasogesconseeas 41.1 57.8 1.1 82.5 15.4 2.1 
UGWandlovers erste se eerie cece eee cone 44.6 54.6 8 84.3 13.7 2.0 

AVerage. 222k ' cadcss sosaen eee = oie see 40.8 56.9 2.3 81.9 15.7 2.4 


In the case of the productive horse labor, about 82 per cent is. 


devoted to crops, about 16 per cent to live stock, while somewhat 
more than 2 per cent is miscellaneous in character. The proportion 
of productive labor devoted to live stock is much larger in this region 
than it 1s in many other sections of the country. 


TENANT FARMS. 


Twenty-four per cent of the farms analyzed in this survey were 
operated by tenants. This is a much smaller proportion than is 
found generally in this country. This is accounted for mainly by 
the relatively small size of the farms. When the owner of one of 
these small or middle-sized farms rents it out, moves to a near-by 
village, and undertakes to live on the income from his farm he finds 
this income insufficient to meet his wants. Hence, it is customary 
for the farm owner to operate his own farm until advancing age 
compels his retirement. He is then usually superseded by a member 
of his own family and retains his residence on the farm. 


RELATION OF TENURE TO SIZE OF FARM. 


The tenant, even when he owns his own working capital, or half 
of the principal investment, which in this case is usually dairy cows, 
has a comparatively small investment. His income is therefore lim- 
ited to what the farm furnishes toward the family living, what he 
gets for his labor, and the relatively small income for his invested 


capital. In order to provide a satisfactory income he must conduct 


a business of considerable magnitude. Tenants of the better class, 
therefore, tend to avoid small farms, because of the difficulty of 


' 
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securing a satisfactory living on them. This is clearly shown in 


Table XXXIV. The percentage of the 13 to 40 acre farms operated 
by tenants is only 16, while of the farms of 160 acres or more 41 per 


cent are operated by tenants. The better class of tenants thus wisely 
choose the largest available farms for which their working capital 
is adequate. 


TABLE XXXIV.—Relation of the tenure to size of farm on 529 farms, Chester 


County, Pa. 
Per cent | Per cent 
Total Per cent 
Size of farms in acres. number | °Perated eens of special 
of farms. | owners. | tenants. | fFM™S- 

UT GO 8 Ee ee eee 76 71 16 13 
41 to 60.... 77 79 18 3 
61 to 80... 80 75 21 4 
UG) QD. = = SSS 2a RS er ae ae oa eee ee ree 91 75 21 4 
101 to 120 71 73 21 6 
121 to 160 93 66 32 2 
SPRCESRNT CLP meen ite erg tae! Sic et a De Le ate eo 41 54 41 5 
TNT ee 6 ae te aHO DBBEOE Beles CIs Seat ap leat eae 529 71 24 5 


This same table shows the percentage of farms of different sizes 
operating hothouses. The largest percentage is found in the group 
of smallest farms. In the remaining groups there is not much differ- 
ence, an occasional farm in each group maintaining a hothouse 
business. 

Table XX XV shows similar data for the entire State of Pennsyl- 
vania, for Chester and Lancaster Counties, and for the entire State 
of Oregon. In general, as the size of the farm increases the percent- 


age of farms operated by tenants increases, within rather wide limits. 


TABLE XXXV.—Relation of tenure to size of farm (census data). 


Percentage tenants of all farmers. 


Size of group. Pennsylvania. : 
Oregon. 
The Chester |Lancaster 
State. | County. | County. 
BMMSIZOS crests elo ta sae Ae gee eae wae cise ee acm se cane dsaesse 23.3 27.6 37.2 12.7 
Biren AU cres meee ec sean en ean Sos \- sea gasncccnccicee cee 16.8 16.9 30.0 13.4 
MAI ACLOS em ee eee ee neis eae wadcescsee hace eaceses sae 16.8 21.5 26.6 13.3 
PP EORS SIACHOS psi mte ee ie ere ahaa nie Diane eke me ete SMO oe Mean 22.7 27.2 44.9 12.7 
LEED TYG ES Sa a gD oe 31.4 38.6 54.0 19.2 
LD AD COO EERE BE oc BOSC EE TORE ODE nen Senet 30.2 44.2 57.3 23.7 
PREM T ACTCS HE Ameer: Sa ne Sens abt Slob 2 ERR es Be 19.3 (a) (b) 17.2 
RRP ACTOS ARG IOVOLS sop A= io Sa eciciclciase senioadeecsince mec esidas CAV) (a Bee ee el eee eh ee 15.1 


a Chester County, 500 to 999 acres, reports 12 farms and 1 tenant farm. 
b Lancaster County, 500 to 999 acres, reports 2 farms and 1 tenant farm. 


There are sections of the country, however, in which the reverse is 
true, but they are sections in which the tenants represent a dependent 


class with little or no working capital, because of which fact they are 


compelled to occupy practically the status of hired laborers. In gen- 
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eral, where the tenant class has little or no working capital a tenant 
is unable to select a farm with reference to the ease of making a sat- 
isfactory income. Under such conditions it is frequently found that 
the average size of tenant farms is considerably less than that of 
owned farms, and the percentage of tenancy frequently decreases as 
the size of the farm increases, especially if the prevailing type of 
farming is somewhat intensive. 


TYPES OF FARMING ON TENANT FARMS IN CHESTER COUNTY. 


Table XX XVI shows that in the main the types of farming found 
on tenant farms in Chester County, Pa., are the same as on the farms 
operated by their owners, the principal differences being that on the 
tenant farms a larger percentage of the receipts is obtained from the 
dairy business. 


TABLE XX XVI.—Comparison of types of farming on farms operated by tenants 
and those operated by owners, Chester County. 


Percentage ofre- | Percentage of acre- 
ceipts. age in crops. 

Owner. | Tenants. | Owners. | Tenants. 

Dany cattle andetheirproductss sso. =e e= seeeee eee Eeee eae 44.1 Bei Siu eres tener wears 2 Sah ee 
Cio ARUN aE A ans SOMA aR a eens a Bi 6 meme A a mii 1.5 yD alah ey eal fe Sy sas 
ER OPSOS's ehG i Sec See So side ae eee ee oe ice ARE eee REE eeae -4 SOU) SenleiSe celle Boeken St 
LOSS) yok ais ah Seca eS apse Mersin aye BeOS eRe Seve eS Sete ne ee 2.8 Quote eieemeices sscce nese 
Sheepandswoolk 4-145 as0 = Ses es ee ee ee ee en ea 5 5 Lbs | sae ae sires | eg eee 
Poultry and eggs 8.2 GEIS Po eaeteee sce. cece 
OTS sessed ces 2.3 2.4 22.3 24.6 
Potatoes. ..- 8.9 6.9 6 5.9 
Wheat. ...-- 8.5 7.9 18.2 18.7 
COE Sy ae aor Se eee eae em Her ere sito Her Aa eebar es Moo Scesdn .2 (2) 6.4 5.6 
[oC Gans AO eee een Ham ae aa ees aaa ao ee ain ba ogeaotacs 14.3 10.6 44 42.9 
TUT TAR bok tee SEE Re Ree ee eee ee eee re 7 5a) 2.5 1.9 
Mruck:CrOpS. 22. fsee ois see ceeeiac oceans eee eae oe eee ee eee -5 -2 3 oll 
Special... 2s sche mth. lee ee seep see siceee eee oer ee oie CeO bl 6.3 (Oy hea aoaecae 
Miscellaneous’ )22. 28/2222 es Se a icetioes Saeko eee eee eee 7.0 7.2 .3 3 
100.0 100.0 100.0 100.0 

@ Less than one-tenth of 1 percent. 6 Sweet peas, 1 farm; tobacco, 1 farm. ¢ Tobacco farm. 


On account of the fact that the tenant farms are somewhat more 
heavily stocked, there is also a slightly larger percentage of acreage 
in corn. These are the only conspicuous differences in type between 
the two classes of farms. ; 


LABOR INCOMES ON OWNER AND TENANT FARMS. 


The average net income of the landlords who own the 124 tenant 
farms here under consideration was, for the year 1911, 7.3 per cent 


of their invested capital. In comparing the labor income of owners 
and tenants in the same locality, the fairest comparison is made when 


the interest on capital is estimated in both cases on the basis of the 
interest received by landlords. Such a comparison is made in Table 
XX XVII between the 378 farms operated by their owners and the 
124 tenant farms found in this survey. When capital is allowed an 


‘ 
% 
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income of 7.3 per cent, the average labor income of the 378 owners 
is $548. Under similar conditions the average labor income of the 
124 tenant farmers is $739. 


TABLE XXXVII.—A comparison of the labor income of owners and tenants by 
allowing 7.3 per cent interest on the total farm investment, instead of 5 per 
cent (7.8 per cent is the average rate of the landlord’s interest on invest- 
ment) ; survey 1912, Chester County. 


Per farm. 
Number | Number 


of 9) 
farms. acres. P Farm Labor 
Capital income. | income. 
EGS ade be At Ba es a eee ae ee eee eee 378 90 | $10,486 $1,313 $548 
OR EMIISS cot Sd SSS ea ie Sn Sh ae ee 124 106 12, 030 1,617 739 


Approximately half of this difference is due to the fact that the 
tenant farms on the average are more than one and one-fourth times 
as large as the average of the owned farms, but part is also probably 
due to the fact that the tenant farms on the average have a larger 
number of dairy cows, usually of somewhat more than average quality. 
While these tenants make larger labor incomes than the owners, it 
must be remembered that the owners have the interest on their invest- 
ment in addition to this labor income, so that the owner’s families 
have larger total incomes than those of the tenants. 

This bulletin contains ample evidence that the young farmer who 


‘has relatively little capital will find it to his best interests to become a 


tenant on a farm of considerable magnitude rather than to undertake 
the same type of farming on a much smaller farm which his capital 
might enable him to own. 


RELATION OF TENANTS’ LABOR INCOME TO. SIZE OF FARM AND TO TYPE OF 
TENANCY. 


Of the 124 tenants whose business was analyzed in this survey 53 
were cash and 71 share tenants (see Table X XXVIII). On the 
whole, the average size of farms operated by cash tenants was smaller 
than that operated by share tenants. 


TABLE XXX VIII.—Relation of size of farm to tenani’s labor income, capital 
allowed 5 per cent interest. 


Cash tenants. : Share tenants. 
1 
Size offarm, in acres. 
‘ Aveober Average | Labor Number Average | Labor 
faratiers! capital. | income. Paeeetenst capital. | income. 
Bima CSS eet oe = ae soe oe wo mica clecionc ras 17 $1, 024 3487 9 $925 $428 
FT, Titty TIO 3 a eee a ne eA 15 2, 219 807 21 1,713 499 
“oh HOTS ee ee ene ee ere es oe 14 3,696 | 1,411 31 2,371 766 
LE! iG T Dee Re EIR eS eel aie ae tna ff 4,219 1, 499 10 2, 857 944 
PACT OLA OSS ero phet sets isl onic xeiameieie brete 53 2,490 954 71 | 2,061 669 
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Nevertheless the cash tenants made an average labor income of $954 
as compared with $669 for the share tenants, allowing capital 5 per 
cent interest. As was to be expected, the cash tenants had on the 
average considerably more capital than the share tenants. The share 
tenant is usually such because of the small amount of his capital. 
The tenant who has capital enough to pay cash rent for a farm ap- 
proximately as large as he wants is inclined to do so because of the 
greater freedom he thus acquires in his farm operations. He has 
greater economic independence than the share tenant, and in order to 
be able to pay cash rent he selects on the average a somewhat smaller 
farm. From the standpoint of the tenant cash rent is more satisfac- 
tory than share rent. From the standpoint of the landlord the reverse 
is true. In the case of the share renter the landlord is entitled to a 
larger income on his investment because of the greater responsibility 
he assumes. For similar reasons the cash tenant is entitled to and re- 
celves a larger income than the share tenant. 

Table XX XIX shows the relation of the landlord’s profits to the 
size of farm and to the type of tenancy. There is not much differ- 
ence in the percentage of the landlord’s income on farms of different 
size, except in the case of the very small farms, where the landlord’s 
income is less for both types of tenancy. In the case of the cash 
tenant the average profits of the landlord are only 3.92 per cent on 
his investment, while in the case of the share tenant it is 8.81 per cent. 


TaBlreE XXXIX.—Relation of size of farm to landlord’s profits on 124 farms 
operated by tenants. 


Per farm. 
Cash rent. Share rent. 
Size of farms, in acres. 
Per cent Per cent 
Number | Average Bs Number | Average 
on invest- A on Ane; 
of farms. | capital. err offarms. | capital. ar 
of and flees Sa SRG SIO See Re ee 17 $3, 581 3. 09 9 $6, 370 6.91 
ie Sa hehe at ce OP ay ieee ae 15 6, 231 3.53 21 9,181 8. 02 
sor ae 160 SS MR ee ee ya eee EF 14 10,010 4.39 31 12,777 9. 48 
GLE tO\ 200 Sea ee ar es ren ore ee 7 11, 557 4.15 10} 19,263 8. 82 
IA V OTA Cuan cicis crs cist ed Be cite ae De 53 7,082 3. 92 71 11, 803 8. 81 


The actual amount of the landlord’s income increases, therefore, in 
about the same proportion as the size of the business increases, while 
the percentage profit remains approximately constant. The tenant’s 
labor income, as was shown in Table XX XVIII, increases markedly 
with increase in the size of the business, as was cama to be the case 
on farms operated by their owners. 
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RELATION OF TENURE TO YIELD OF CROPS. 


The first line of Table XL gives the average yields of the crops 
grown in this area on farms operated by their owners, the second line 
yields on the tenant farms taken as a whole. As is to be expected, 
yields on the farms operated by their owners are slightly larger on 
the average than those operated by tenants, but the difference is not 
great. The last two lines of the table give a comparison of the yields 
on farms operated by cash tenants and those operated by share ten- 
ants. Except in the case of silage, the yields are in all cases larger 
on the farms of share tenants, the difference probably being due to 


_ the greater amount of control the landlord retains of the business in 


the case of share-rented farms. 


TABLE XL.—Comparison of crop yields per acre on owner and tenant farms, 


Chester County. 


prow be Corn. | Silage. | Potatoes.) Wheat. | Oats. Hay. 


REVITION SE a ei cote a adie ccece 378 65.3 13.1 78.8 24.8 41.6 1.3 
EMCOTAMLSS code acess fsck eeiee 124 64.5 11.7 66. 4 23.6 37.1 1.25 
ESIGN 3S 53 61.8 12.1 54.9 22.0 36. 2 7) 
POTIATOMTOM Ge eee as ok ad iara ck lem acca 71 66.1 11.4 PAT 24.6 37.6 1.3 


The average yield of corn on the share-rented farms is actually 
larger than it is on the owned farms, the yield of hay being ap- 
proximately the same, while in the case of the other crops the owners 
have more or less the advantage in the matter of yield. 


QUALITY OF BUSINESS. 


A very important factor of efficiency in farming is the quality 
of the business. This is indicated by the yield per acre, the income 
per animal unit, work units accomplished per individual employed, 


etc. 
YIELD PER ACRE. 


Table XLI shows the average yield per acre of the principal crops 


on the 378 farms operated by their owners, by size of farm. Some 


of these yields are very high, while others are low. The average 
yield of corn was 65.3 bushels per acre, which is far above the average 
for any of the corn-belt States as a whole, and there are few localities 
in any State that exceed this. The yield of silage is correspondingly 
high, being 13.1 tons per acre, or an average of 1 ton for each 5 
bushels of corn. The season of 1911 was very favorable to the corn 
crop, and this yield is somewhat above the average for this locality. 
The yield of wheat is satisfactory when compared with State averages 
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_and the average of the country as a whole. The soils of this region 
appear to be particularly adapted to corn and wheat, though such 
yields are not obtained by careless methods. There are few localities | 
where farmers make better use of manure than in Chester County or 
where more manure is produced per acre of crops grown. We shall 
later see that these farmers get much greater results from a given 
amount of manure than is the case in some other sections. 

The yield of oats here is fair, the average being 41.6 bushels per 
acre; but here, as in most other localities, the production of nutri- 
ment per acre is small compared with other crops grown for feed. 
The low price of this cereal and the small production per acre make it 
an unprofitable crop in this section, and it is gradually being dis- 
carded by the better class of farmers. 

The yield of potatoes is distinctly low. The soil is poorly adapted 
to this crop. While potatoes should be raised for home consumption, 
and probably for sale to a limited extent, it is probable that farmers 
having soils similar to those of this area would not find it advan- 
tageous to make this a major crop. 

The yield of hay in this region was lower than average in 1911. 
The average of 1.3 tons per acre is only just equal to that of the 
country as a whole. The pastures here are among the most produc- 
tive in the country. The low yield of hay was due mainly to unfavor- 
able weather during the early part of the season, but the practice of 
leaving hay fields down more than two years, which is not infrequent 
here, also lowers the average. The first-year hay field usually pro- 
duces an excellent crop, but if the field is cut for hay for three or 
four years the yields become very low. By using a somewhat larger 
proportion of the available manure as a top dressing for hay fields, 
-or possibly by a somewhat more liberal use of commercial fertilizers 
on these fields, the yield of hay should be materially increased. This 
would give a better sod to turn under for corn, and this should com- 
pensate for the slight loss of manure to the corn crop due to the use 
of more manure on the hay fields. Hay is one of the most profit- 
able crops in this region, and it should be profitable to go to the 
necessary expense to produce better yields than are now obtained 
on the average farm. 


RELATION OF YIELD PER ACRE TO SIZE OF FARM. 


The plea for small farms has often been made on the basis of the 
better yields it is possible to obtain by the better tillage that can be 
given to small areas. It is not questioned that better yields could 
be thus obtained, but the fact is that American farmers have thus far — 
found it to their advantage to spread their work over more acres 
rather than to increase unduly the amount of work per acre. Within 


. 
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proper limits they make more profit by this procedure. The figures 


of Table XLI show that as a rule the farmer who tills a small acre- 


age does not get better yields than those who till larger areas, at least 
within the limits of the areas found in this study. 


Taste XLI.—Yield of crops per acre on 378 owner farms, Chester County. 


Acres. ANuaaber | Corn. | Silage. | Potatoes.| Wheat. | Oats. | Hay. 

BMETIGN OSS Nes ol ciesacette le cce ne 54 62. 2 10.8 (22M Pda Al 37.0 ted! 
NGS 522. Se 61 67.2 12.0 81.5 25.3 38.0 1.5 
TOA 62 ee 60 64. 6 15.3 78. 2 25.6 44,8 1.4 
PMTOAL (Hl sapetatctac since access cece 68 64.5 12.7 79.6 24.1 43.0 1.3 
OT POUT 6s ae rr 52 66. 7 12.6 76.1 24.8 42.9 tes 
MIRE ORL OU re SEM icc ance cose ce cise 61 66. 0 1255 75.8 24.3 41.4 1.3 
OOP IG. 2s sae 22 64.7 BAT 88.1 25. 8 38.0 i134 

PANT OTA O Oe aren ora nin a<isiein cis oa = 378 65. 3 13.1 78.8 24.8 41.6 1183 


There appears to be very little relation on these farms between 
size of farm and yield per acre. 


RELATION OF YIELD PER ACRE TO LABOR INCOME. 


While Table XLI shows very little relation between size of farm 
and yield per acre, Table XLII shows that within certain very wide 
limits there is a very distinct relation between yield per acre and 
labor income: The crop index, which is used as a measure of the 
yields on a given farm, is found as follows: Suppose a given farm 
produces— 


500 bushels of corn on 10 acres; 
200 bushels of wheat on 10 acres; 
25 tons of hay on 20 acres; 


PAL COGAN O fee ae 40 acres. 


Suppose, further, that the average yields in the locality are such 
that, on the average, farmers produce— 


500 bushels of corn on 7.7 acres (65 bushels per acre) ; 
200 bushels of wheat on 8.0 acres (25 bushels per acre) ; 
25 tons of hay on 16.7 acres (1.5 tons per acre) ; 


AStotali Ofte: site. 32.4 acres. 


The crop index of the farm in question is now found by dividing 32.4 
by 40; that is, by dividing the average acreage in the community by 
the actual acreage on this farm required to produce the quantities 
of these products which this farm produces. In this case the crop 
index is 0.81. Roughly speaking, this means that the yields on this 
farm are 81 per cent of the average of the community. 
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In Table XLII the owner farms are divided into groups according 
to the crop index of each farm. 


Taste XLII.—Relation of crop index to labor income and adjusted income (per 


cent) ; 378 Pennsylvama owners. 


Average | Average | Average 

Crop index. a ees labor | adjusted | size of 

*| income. | income. | farms. 

Percent. | Acres. 
EZ Rew AYO ll VaToto peepee ese a aes gM or Ti CTY Ne mS ee a iG 75 360 49 89 
GOOD ee be tapered a Nis ates sae yt ee Ee i gf rene 91 616 74 99 
TOO(GO LA ee ce ee Be yn Steep SSRN ped Rc Ace RNR 107 870 108 89 
WTS ICO TSO oss oun cals Ae ee oe crags Soe eagle any elie gE 92 1,183 153 91 
PAQtand) Oversee Gee eee Cpe ae Ree TT ae Aree 13 1,005 130 82 
POGAD Ss  Se os oot Seas hee oe See eee eee Se a eee ee 378 789 100 90 


There were 75 farms on which the crop index was 84 or less. The 
average labor income of these 75 farms, when adjusted for size of 
farm, was just 49 per cent of the average for the whole number of 
farms. 

As the crop index increases the labor income is seen to increase 
until near the limit of yields found in this survey. But the 13 farms 


having a crop index of 140 or more had smaller labor incomes on the 


average than the next lower group. The number of farms in this 
group is too small to permit very positive conclusions on this point, 


but these results are consistent with those found in other surveys. 


Ordinarily it pays well to increase crop yields till they are consider- 
ably above the average, but a limit is finally reached beyond which it 
does not pay to go. Good yields are ordinarily more profitable than 


extremely high ones, and decidedly more profitable than very small 
yields. 


The last column of Table XLIT shows again that there is here very 
little relation between size of farm and yield per acre. The small 
farms on the average make just about the same yields per acre as the 
large ones, and it does not pay their owners to apply the necessary 
additional labor and materials to increase these yields very materi- 
ally. In the case of certain crops, however, especially hay, it would 
probably pay the average farmer in this region to go to the necessary 
expense to secure a considerable increase in yield. Jn general, if crop 
yields are low, it usually pays to increase them. 


RECEIPTS PER COW AS RELATED TO LABOR INCOME. 


Table XLIII shows that the income per cow is a very important 
factor in the profitableness of farming in this region, as it is wher- 
ever such studies have been made. Since dairying is the principal 
business of the farmers in Chester County, the income per cow is 
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_ even more important here than in a region where fewer cows are 
_ kept. 


Taste XLIII.—Relation of receipts per cow to labor income, Pennsylvania 
owner farms. 


Five and more cows. 


Divided according to receipts per cow. Filey: 
Number | Receipts | Adjusted | Labor 
of farms. | per cow. | income. | income. 


Per cent. 

0 TIRG) GSE. hs cans ESSE EEA eee re 48 $42 Be $418 
00 URLS e542 EOE SSCS ete ee ee el a 43 65 192 592 
BEML UIE AO rete et attete ate sta cre iaia cle eiascla ciniecnie'e oo Seléiwe Saceviacceaessse 27 57 92 783 
NT Bo set bce 3 aE ee ee ee oe ee ee ee 51 75 99 782 
TEND 502 GOS AGE Soe Co Eee a 24 86 111 831 
(UG ccote dpe Been ED RS Se ee eee See 39 96 137 1,185 
EUI@ TED 2 Jocks CE eR ee tee oe ane a ee re a 29 110 162 1,422 
Tat TRO) «6 inci SE Se eee eR ek OS 28 138 175 1,602 

MGT a AE ASR oe Re 2m Se a oe SG ee ee ate ee eee 289 80 111 906 


Within the limits found in this survey the labor income increases 
markedly as the income per cow increases. Forty-eight farmers re- 
ceived $50 or less income per cow. Their labor income was 45 per 
cent below the general average. Twenty-eight farms had incomes 
per cow of more than $120, and their labor incomes were 75 per cent 
above the average. 

It is possible to overdo in this direction also, just as it is in the 
matter of yield per acre, but no farmers were found in this survey 
who went to too great an expense to get high yield of product per 
cow. The results of this survey show very clearly that the farmers 
of Chester County can increase their profits more markedly and 
more certainly by improving the quality of their cows than in any 
other way. On farms maintaining large herds this can be done 
easily enough by using the right kind of bulls. But on the smaller 
farms this is not always feasible. The right kind of bulls cost so 
much that the small farmer can not afford them. This difficulty can 
best be overcome by cooperative ownership of good bulls. Cow- 
testing associations should be organized, not only as a means of 
finding which cows are worth keeping and which should be disposed 
of, but also as a means of providing good breeding stock. With 
such organizations a good bull can be passed from farm to farm, and 
thus retained in the neighborhood as long as he is serviceable. 

One difficulty in the past has been the fact that so few farmers 
raised their cows. In order to maintain herds and keep up their 
quality, it is necessary to replace yearly an average of about one- 
fourth of the herd. The number of heifer calves saved annually 
must, therefore, be about 25 per cent of the number of cows kept. In 
this locality the farmers raise an average of only 8.2 per cent as 
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many heifers a year as they have cows. The remainder of the needed 
animals are obtained by purchase. The herds can not be materially 
improved as long as this practice continues; but, as already stated, 
the prices which it is now necessary to pay for cows in this region 
are becoming so high that farmers are beginning to raise a larger 
proportion of their cows. This is perhaps fortunate, for it gives a 
better chance to improve the quality of the herds. 

Because of the large proportion of cows bought, there is consid- 
erable mixture of breeds in this region, much more so than would 
ordinarily be the case where farmers raise their cows. When the 
practice of raising cows again becomes common, as it seems to bid 
fair to do, it is important that particular attention be given to the 
matter of breeds, and more especially to securing bulls from the best 
producing cows. Every dairy farmer in this region should get 
firmly fixed in mind the idea that improvement in the producing 
capacity of cows means increased profits, provided, of course, the 
ordinary dairy farmer does not have to pay exorbitant prices for the 
right kind of breeding stock. 

The facts given in Table XLIV emphasize strongly the point here 
under consideration. In this table those farmers who secured $50 
or less income per cow are divided into three groups, according to 
the number of cows in the herds. With cows of this quality, or 
rather lack of quality, the larger the herd the less the profit. 


TABLE XLIV.—Relation of receipts per cow and number of cows to labor in- 
come on commercial dairy owner farms, Chester County. 


Adjusted 
Number of Average | Average 
Receipts per cow. cows per 100 pas number | income eee Se 
crop acres. of cows. | per cow. Recent 
1 to 16.9. -.--. 14 gh 43.1 405 52 
5Oandiless2 no asciese oeisc selon 17 to 22.9... 20 19.5 41.2 369 46 
23 to 28.9. ..- il 26. 8 45.3 258 32 
1 to 16.9.... 15 11.2 137.5 1,090 112 
100 plus 17 to 22.9. ..-. a 19. 9 119.7 1, 426 182 
Bee Sips hele ios aaa lana eno 23 to 28.9... 14 25.4 119.3 1, 566 184 
29 plus..-.-.- 23 40.1 125. 8 1, 723 197 


The last part of the table refers to those farmers who secured 
incomes per cow in excess of $100 per annum. Here, as the herds 
increase in size, the labor income increases rapidly. This merely 
goes to show that very poor cows do not pay, while high-grade cows 
are quite profitable under the conditions prevailing in this area. 


COMBINED EFFECT OF YIELD PER ACRE AND INCOME PER COW. 


Table XLV shows the combined effect of yield per ‘acre and in- 
come per cow. Thirty-four farms have incomes of $60 or less per 
cow and a crop index of 90 or less. Their average labor income is 


a 
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47 per cent of the general average. Forty-six farms have cows that 
produce over $90 worth of products per year and crop yields more 
than 10 per cent above the average. Their labor incomes average 
85 per cent above the general average. Large income per cow is 
slightly more important in securing a profit than is large yield per 
acre, but both are important. 


Taste XLV.—felations of receipts per cow and crop index to adjusted labor 
income on 878 owner farms, Chester County. 


Receipts per cow. 


Crop index. 60 and less. 61 to 90. 91 and more. 
Number | Adjusted} Number |Adjusted | Number | Adjusted 
offarms.]| income. | of farms. | income. | of farms. | income, 
Per cent. Per cent. Per cent. 
BIPNESLTI CL GSS Met ee oe ce SS ak Cee 34 47 32 70 18 89 
SEEELOVeIt eee a= cesses ese cdlesccsicc cee 28 56 57 103 37 148 
MIO ATIG MOL Osi caine cia cscs eos deeeebece ses 22 108 36 136 46 185 


Farms having cows that produce less than the average should pay 
special attention to the improvement of their herds, and those which 
have less than the average yields per acre should give special atten- 
tion to this point. It is easier to improve poor cows than it is good 
ones, and it is easier to increase low yields than it is high ones. It 
is also more profitable. 

It is very rare indeed to find a farm excelling in all the factors 
of efficiency here mentioned that does not make a good profit. Thus, 
if a farm is devoted to a type of farming adapted to its conditions, 
is large enough to give full employment at all seasons of the year to 
the farmer and the iabor available to him, has good yields, large 
income per. animal unit, and is adequately and economically equipped, 
it is almost certain to be profitable. The fewer of these points in 
which a farm excels the more difficult it is to make it profitable. 


EFFICIENCY OF FARM LABOR. 


A work unit is the average amount of work done in a day by the 
average workman. Some men do much less and some do much more 
than this. Some men also have their work so organized that a 
given amount of effort accomplishes more work than the average. 
In Table XLVI the 378 owner farms are classed. according to the 
amount of productive work accomplished per year on them by each 
individual employed. It is assumed that the farmer himself accom- 
plishes as much work in a year as the average of those employed on 
his farm. The table shows that there were 22 of thesé farms on 
which the average work done per individual employed is less than 
100 ordinary days of productive work. The average labor income 
of these farmers is $181, or $2.18 per unit of productive labor. It is 
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probable that these men really worked at productive labor more 
than a hundred days during the year, and that many of them did 
more work on some of their crops than was profitable, for their aver- 
age yields are above the average of the community. (See next to 
last column of table.) They also probably spent too much of their 
time doing things that had no relation to the farm income. That 
these men were poor managers is shown by the fact that their cows 
brought them ony $27.60 per head for the year’s product. ’ 


TasLteE XLVI.—The relation of productive work units per man to profits and 
other factors in farming on 378 owner farms, Chester County. 


_ Labor 
Produc- income of 
Productive work | 4 Jerae | Number | Average |tive work] Labor | Receipts} Crop Opera ee 
units per man. 8°) farms. | size. |unitsper| income. | percow.| index. | Pet vy 
per man. TAGuSe f pro- 
: ductive 
abor 
Acres 
Less and 100.....--.- 83 22 58 38.5 $181 $27.60 103 $2.18 
J00}t0;149 2s ceete ace 126 62 72 45.2 366 46. 80 102 2.90 
L5OitON99 ese ee 176 114 90 55.8 625 72.00 98 3.55 
200 TOs oe ee eee eee 222 102 96 59.1 959 78.00 105 4.32 
250 FO/299 ae eeer aes 272 49 108 62.7 1,147 78.50 100 4.22 
3000399). 2 3=-- 223. 336 23 107 63.2 1,535 77.00 109 4.57 
400 and over.......-- 448 a6 101 66..7 1,833 83.00 107 4.09 
Average....... 201 378 90 78.3 789 68.20 100 3.93 


«One farmer out of the six met with serious loss for which he was not responsible, 
thus causing a minus labor income of $49. The average labor income of the other five 
was $2,209, with an average wage of $4.93 per work unit. 

At the other extreme we have 23 farms on which there was an 
average of 336 productive work units done per year by each person 
employed. This does not necessarily mean that each person actually 
worked 336 days in the year at productive labor, but it does mean 
that the work accomplished was equivalent to this many ordinary 
days’ work. The owners of these 23 farms made, on the average, 
$4.57 wages for each productive work unit, as compared with the 
$2.18 made by the first group. There were six farms (see next to 
last line of the table) on which the amount of productive labor 
accomplished averaged 448 ordinary days’ labor per year for each 
man employed. These farms were unusually well managed, and little 
time was wasted at unproductive work. The owner of one of the 


six had the misfortune of having contagious abortion get into his 


herd and had a minus labor income of $49 for the year, but the 
other five made an average labor income of $2,209, or $4.93 per unit 
of productive work done. . 

The income per cow is also much larger on these farms where each 
workman accomplished a large amount. As would naturally be 


expected, the average productive work units per horse also increases ~ 


with increase of work units per man (see fifth column of table). 


ial ick a iw 
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The fourth column of this table shows that within certain limits 
the work units per man bears a close relation to the size of the farm. 
It is on the farms of 100 acres or less that the small number of pro- 
ductive work units per man is found. For farms larger than this 
there does not appear to be much relation between size of farm and 

‘productive work units per man. In other words, with the type of 
farming and the general farm methods which prevail here, the farm 
of about 100 acres appears to be the minimum efficient economic unit 
from the standpoint of the proportion of productive work as com- 
pared with miscellaneous work. 


FARM ORGANIZATION. 


We have already seen that in the Chester County survey area most 
of the farms are more largely devoted to dairying than to any other 
enterprise. Yet only 157 of the 378 farms conducted by their owners 
had sufficient income from dairy products to be classed as real dairy 
farms. In other words, although this is distinctly a dairy region it 
is by no means exclusively so. There is considerable diversity in the 
local farming. 

DIVERSITY INDEX. 


In order to ascertain to what degree this diversification of enter- 
prises is justified by local experience, it is desirable to have a definite 
means of measuring the degree of diversification on a farm. The 

diversity index furnishes such a means. When the enterprises on a 
farm are all equally important or of equal magnitude the number of 
these enterprises may be used as the measure of diversity. Thus, if a 
farm business is based on three equally important enterprises, its 
degree of diversity is said to be three. But it the enterprises on a 
farm are of unequal magnitude, the degree of diversity may be deter- 
mined as follows: First, find the sum of the magnitudes of all the 
enterprises (in most cases the receipts from an enterprise may be 
taken as its magnitude),' divide the magnitude of each enterprise by 
the sum above mentioned, square each of the quotients, and divide 
unity by the sum of these squares. The result is the diversity index. 

In Table XLVITI the 378 owner farms are divided into groups based 
on the degree of diversity of their business. Seventy-nine of these 
farms had a degree of diversity less than 8. Their average labor 
income, when adjusted to eliminate the effect of size of farm, was 18 
per cent below the general average. On 107 farms'the diversity index 
was from 3 to 3.9. Their labor income was 10 per cent below the 
general average. 


i The most accurate measure of the magnitude of an enterprise is the total cost of its 
conduct, including interest, depreciation, wages, repairs, materials, etc. 


14138°— Bull. 341—16——6 
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TABLE XLVII.—Relation of divesity index to labor income, 378 Pennsylvania 


Owners. 
. Average | Average | Average 
Diversity index. pe labor | adjusted | size of 
*] Income. | income. | farms. 
Per cent. 3 
Tess Ghanwlto2iGh cer eee See ele ene, rote pee ae 79 $663 82 83 
SUOra: Qs ams Baye ah Seek eke TS LE Tae ae er SAAS eS e 107 718 90 90 
ACOA Gye hare fave oe Se oe eR Ee eee Se ne eee eee eee 125 888 114 94 
DiANMOVELs 2:5 cee woe et ee eee IS De eee een neje eee 67 866 112 90 A 

FDS OTIS oe Freensre pes cance Sere ees ay ivan oars It = epee) A ee 378 789 100 90 


On 125 farms the diversity index was 4 to 4.9. These made labor 
incomes 14 per cent above the average. The remaining 67 farms 
had a degree of diversity of 5 or more. ‘Their labor incomes were 
12 per cent above the average. ‘Thus, under the conditions prevail- 
ing in this area, the greater the degree of diversity the higher the 
labor income until the diversity reaches about the equivalent of 4 to 5 
equal enterprises. Beyond this there is a slight decrease in profits. 
The largest number of farms falls in the class where the profits are 
largest, so that on the whole the farmers of this locality practice a 
degree of diversified farming suited to their conditions. There 
appears to be little or no relation between the diversity of the farm 
business and size of farm, there being little difference in the average 
size of the farms in each of the classes of Table XLVII. 

Essentially the same thing is shown by the data given in Table 
XLVIII. Here the same farms are classified by the proportion of 
income received from the sale of crop products. As in the previous 
table, there is here very little relation between size of farm and 
degree of diversity as indicated by percentage of receipts from crops. 
There is, however, a distinct relation between crop sales and profit 
as indicated by labor income. 


TABLE XLVIII.—Relation of per cent of income from crops to labor income, 878 
Pennsylvania owners. 


Number of| Average | Average | Average 


Per cent of total income from crops. NBTAS aize of labor in- | adjusted 

; arms. come. income. 

Acres. Per cent. 
19 86 $718 93 
35 81 807 117 
84 86 804 104 
85 95 884 114 
70 92 793 94 
45 90 732 84 
40 92 629 83 
378 90 789 100 


Those farms deriving from 10 to 39 per cent of their income from 
the sale of crops make considerably higher labor incomes than those 
deriving either more or less of their incomes from this source. There 
appears to be considerable latitude in this matter, since three of the 
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seven groups are all above the average in labor income. Undoubt- 
edly, a good deal depends on the quality of the live stock kept. A 
farm having a large herd of cows of very high quality could probably 
afford to ignore the matter of diversity of business to a much greater 
extent than one having a herd of medium quality. In other words, 
quality of business may, within limits, compensate for lack of di- 
versity of business. 
THE STANDARD ROTATION. 


We have already seen that as early as the latter part of the eight- 
eenth century there began to be practiced in Chester County a crop 
rotation consisting essentially of corn the first year after sod; flax, 
oats, and barley the second year; wheat the third year, followed by 
grass, usually clover or clover and timothy. This rotation is said 
to have become quite general as early as 1820. Essentially the same 
rotation is described as being common in 1853. This general form 
of rotation persists to-day, and is quite commonly practiced, though 
with some modifications. The more usual form of it as now prac- 
ticed is: First year, corn; second year, part corn, part potatoes, and 
part oats or a combination of any two of these; third year, wheat; 
fourth and fifth years, hay, usually clover and timothy. Some far- 
mers omit potatoes, some the oats (replacing them usually by corn), 
while there is considerable variation in the length of time the meadow 
is maintained before plowing it up for corn again. In previous 
tables the acreage of these crops has been given in percentage of the 
entire crop area on the farm, including miscellaneous field crops and 
orchards. In Table XLIX the percentages are reduced to the basis 
of the crops mentioned. 


TABLE XLIX.—The standard rotation. 


Average Suggested rotations. 
acreage 
Year. Crop. on 378 
farms.@ 5-year. 6-year. 
Per cent. Per cent. Year. Per cent. 
SES USE Seo Sasa cia scracie 3 Conneeeeee 20. Corn. ...-- 20)|) Hirsts-ce-- ComEs=e- 16 
Come eoes SaOy Comepes- 14 
BEE Q TC see = Says /s Se ss: cinva = Potatoes .. 6.2 | Potatoes. . 6 
Oats...... 6.6 Second....| Corn...-... 16% 
Potatoes .. 6 
DIG ee Wheat... - 18.8 | Wheat... . 20 | Third..... Annual 
hay crop 102 
Fourth and fifth 6. ..... Hayes 45N4a|pelayece see 40 | Fourth....| Wheat.... 162 
Fifth and 
SERbN ee ee | ELA yore ee 334 


a Counting only the crops mentioned in this table. 
> Sometimes sixth also. 


e 
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The third column of this table gives the actual average acreage of 
all these crops as found on the 878 owner farms (in percentage). 
It is seen that they represent very nearly the rotation outlined above. 
In the next column is given what the data obtained in this survey 
would indicate to be a somewhat better form of this rotation for 
the average farm in this region. We have seen (Table X) that the 
acreage of corn might be increased to advantage. We have also seen 
that oats are not profitable here. In this rotation the oat crop is 
replaced by corn. Many farmers, especially those who have silos, have 
already made this change, and in general their profits are considerably 
above the average for the region. But this form of rotation, while it 
1s an improvement over the old, does not entirely meet the require- 
ments of the most profitable system as indicated by the results of this 
survey. The area of wheat is a little too large, while that of hay is 
somewhat smaller than it should be for best results under average local 
conditions. It is also difficult to sow so large an area of wheat after 
corn unless the corn is cut for silage. The soil can not be put in 
proper condition, the sowing is frequently late, and the land is not left 
in the best of condition for the succeeding hay crops. 

The 6-year rotation outlined in the last portion of Table XLIX 
appears to meet exactly the condition for greatest profit under aver- 
age farm conditions in this region. It gives 334 per cent of corn acre- 
age, which is within the limits indicated to be the most profitable by 
the data given in Table X. It gives 16% per cent of wheat acreage, 
which is almost the same as the present community average, and 
which, as we have already seen, is within the limits of the most 
profitable acreage for this crop im this locality. It gives-44 per cent 
of hay acreage, which is exactly equal to the present average, and 
which is also within the limits indicated to be most profitable for 
hay under average conditions in this region. The per cent of potato 
acreage is the same as the present average. 

The annual hay crop occurring in the third year of this rotation 
presents somewhat of a problem. There are several possibilities to 
be considered. Oats might occupy this place. They can be cut for 
hay in the milk stage and make hay of very good quality. 

Another possibility 1s oats and Canadian field peas, though this 
region 1s somewhat too far south for success with this combination 
unless the planting is done very early. Cowpeas, another possibility, 
are not adapted to heavy soils this far north. . 

Everything considered, the authors are of opinion that after the 
farmers have learned the management of the crop, soy beans would 
be decidedly the best annual crop in this 6-year rotation. It is 
much more dependable than cowpeas. The hay is rich in nitrogen 
and would thus considerably reduce the amount of concentrated feed 
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necessary; in fact, with a good crop of soy-bean hay and the addi- 
tional corn which this rotation would give it would be possible to 
feed good rations to a large dairy herd with little or no purchase 
of concentrates. This should considerably reduce the expense of 
farming here. 

It is realized that it is a serious matter to recommend the introduc- 
tion of a crop that is new to most of the farmers of a region for so im- 
portant a place in the cropping system as the annual hay crop in this 
6-year rotation occupies. This objection holds particularly in the case 
of soy beans, because of the difficulty of making a success with them 
in regions where they have not been commonly grown before. The 
soy bean is a comparatively recent introduction into American agri- 
culture. It is a legume, and the bacteria which it absolutely requires 
are not generally found in American soils. For this reason nearly 
every farmer who tries soy beans for the first time makes a failure of 
them. In view of this fact, the authors recommend that those who 
try this 6-year rotation use oats or cowpeas for the annual hay crop 
at first, but it is also recommended that the farmers of this locality 
begin generally to experiment with a small area of soy beans. This 
area should be located in some out-of-the-way place, and the first seed- 
ing of soy beans should be thoroughly inoculated with the bacteria 
which this crep requires. The bacteria may be obtained from the 
United States Department of Agriculture. Another way of incculat- 
ing is to get a quantity of soil from a field which has recently grown 
a good crop of soy beans. The inoculation by this method usually re- 
quires from 300 to 500 pounds of soil per acre. This should be done 
just before seeding. In distributing this inoculated soil, care should 
be used to avoid the direct rays of the sun, which tend to lull the bac- 
teria. The inoculation should be done on either a cloudy day or late 
in the afternoon, and the soil should be harrowed at once in order that 
some of the bacteria may be covered up and thus protected from the 
hight of the sun. Several farmers in Chester County have grown soy 
beans. A picture of such a field is shown in figure 10. 

The first seeding of soy beans is often a failure, but the land will at 
least get a partial inoculation. The crop should be sown again on the 
same land the next year, and if necessary, again the third year. Cer- 
tainly the third year a magnificent crop of soy beans should be ob- 
tained. This will supply seed sufficient for sowing the larger acreage 
in the rotation. Not only that, but the inoculated patch will supply 
ample soil with which to inoculate the field in which the soy beans are 
to be sown. The authors believe that when the soy-bean crop has be- 
come thoroughly established, and the details of its management are 
thoroughly understood by the local farmers, its use in the rotation here 
outlined will be found to add considerably to the profits in farming. 
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Every farmer who undertakes experiments with soy beans should 
send to the State experiment station and to the United States De- 
partment of Agriculture for the latest literature relating to this 
crop. 

ALFALFA. 


Thus far nothing has been said about alfalfa in this region except- 
ing merely to mention the fact that some 75 acres of it were found 
upon the 3878 owner farms. Since this survey was completed the 
area of this crop has considerably increased in Chester County. 
Where the cultivation of alfalfa is successful it is a desirable crop 
for live-stock farms, but the discussion of cropping systems involv- 
ing alfalfa would lead into a field which is to be covered in another 
bulletin dealing with cropping systems for the region of this survey 


Tic. 10.—¥Field of soy beans near West Chester, Pa., showing adaptability of this crop to 
local conditions in area of survey. (Photo by H. K. Hibschman.) 


and other similar localities. It may be added, however, that on farms 
having a considerable acreage of alfalfa the 5-year rotation outlined 
in the middle of Table XLIX might be more satisfactory than the 
6-year rotation. The alfalfa when once established should continue 
to occupy the same field as long as it is producing a satisfactory crop. 
The remainder of the farm could then be continued in the 5-year 


rotation. 
FARM EXPENSES. 


The data obtained in this survey are not sufficiently extensive to 
permit a detailed study of the relation between the expenditures for 
different purposes and the efficiency of local farming. It is not 
doubted, however, that such studies would give results: of interest 
in connection with the problems of farm management. As records 


g 


of farm management surveys accumulate, these more detailed studies 
will become easily possible. For the present it must suffice to point 
out certain facts relating to farm expenses which may be useful in 
making comparisons between the farming of this region and that 
of other regions where different conditions prevail. 

Table L shows the interesting fact that on all sizes of owner farms 
in the Chester County survey area the expense of conducting the 
tarm business is from 39 to 47 per cent of the total farm receipts. 
There appears to be no particular relation between size of farm and 
the percentage of receipts required to meet expenses. There is an 
undoubted relation of this kind between type of farming and ex- 
penses, but since on the 378 owner farms there is little relation 
between type of farming and size of farm, this relabion 1 is not made 
evident in the tabulated data. 


TABLE L.—Proportion of receipts required for operating expenses. 
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ize Olariny (ACLES)-/a-4.2 sesh eee ates 13 to 40. | 41 to 60. | 61 to 80, | 81 to 100. | 101 to 120.| 121 to 160. 


NTMI el OUIALMS\—- SS. eset oe oe 54 61 60 68 52 61 


Proportion of receipts required for operat- | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
PHPAGROLISES OLC aeisa\- asec sees es - nese 44.7 39.1 41.3 42.6 45.4 42.2 


i Land- 
All Tenant | Tenant’s - 
Size of farm (acres).:.......---.----------- Over 160. anes, || ame Shanes lord's Specials. 
are. 
INGO OMAATINS? <2) 0 so cle ajee secicinaec 22 378 124 124 124 27 


Proportion of receipts required for operat- | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
RUPTEXPOENSES, CLC S022 ..-0-aca-aesace ence 47.1 43.2 41.0 52.4 28.0 48.7 


On the average for all the owners, current expenses amount to 43.2 
per cent of the total receipts. On the 124 tenant farms itis a little less 
than this, being just 41 per cent. It appears that both tenant and 
landlord are somewhat more economical in the matter of expenditures 
than is the case with those who operate their own farms, which is to 
be expected. The owner who operates his own farm has not only 
a labor income, but interest on his capital as well with which to pro- 
vide the family living. The tenant has little more than his labor 
income, while the landlord has only his income on capital. In the 
case of both landlord and tenant economy is thus’ more a matter of 
necessity than it is in the case of the owner operator. 

While the total expense of landlord and tenant combined amounts 
to 41 per cent of the receipts on tenant farms (not counting rent), 
the data in Table L shows that the tenant expends 52.4 per cent and 
the landlord 28 per cent of his receipts in the conduct of the farm 
business. On the 27 special farms on which a hothouse business is 
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conducted, both receipts and the percentage of these receipts required, 
to meet business expenses are larger than on farms of other types 
found in this survey, the expenses amounting to 48.7 per cent of the 
receipts. 

Table LI shows in detail the nature and relative amount of expend- 
itures for different purposes on owner farms of different sizes and on 
tenant and special farms. The data for tenant farms are given in 
the fourth column from the last in such manner as to include both 
tenants’ and landlords’ expenses, leaving out the rent paid by the 
tenant. In the third column from the last the average expenditures 
of the landlords for the entire number of tenant farms is given. The 
second column from the last gives the expenses of cash tenants, in- 
cluding rent. The last column gives the expenses of share tenants, 
not including rent. On owner and tenant farms the largest single 
item of expense is for hired labor, this item being slightly greater on 
owner than on tenant farms. The owner operator, having both labor 
and capital income, can afford to hire a greater proportion of his 
labor, although, on the average, owner farms are smaller than the 
tenant farms in this region: 


TasLe LI.—Distribution of farm expenses on owner, special, and tenant farms 
’ ’ 
Chester County. 


= » y » 1 
Acres. ® ual a a|¢ 
q q q Sh al Nae 
- : oo : oO 
5 3 be i ea ele ae: 
; S : 5 is 
Mee ee eee ety ioeral een le: soe) SS) ve eae 
eee Pe eae re | eee | S| ee 
g iS) ° ° = Bs oO S 9 3 n= u 
meee eS is cle. |e le) Bie 
= A z =) g nN oO |e am | a 4 Oo 1a 
Number offarms....| 54 61 60 68 52 61 22 | 2378 27) 124) 124 53 71 
U2 oi|\ | Bal ahnljw Cera ean. (IER |ER(ais|| Baar, || 2G || J25G/.|| (2s || 12. Gi, | 2ai|| IBGe 
Paid labore. 322-2 s-— 13.0 | 15.4 | 24.4 | 28.5 | 24.6 | 30.7 | 36.1 | 26.8 | 37.4 | 23.5] 1.2] 19.3] 35.0 
Board, paidlabor....| 4.2} 4.6] 6.1] 7.1] 5.8] 6.0] 3.5] 5.6] 3.6] 5.6 gil), 48} 8.8 
Family labor.....-.. 16.4 | 16.2] 10.1] 7.7] 12.9] 6.9} 5.0} 9.6] 4.1] 9.4] 1.5] 6.4] 15.1 
Machinery repairs...} 1.5} 2.3] 1.4] 1.6] 2.0) 1.3} 16] 1.6] 1.3] 1.6 57a 2.0 
Building repairs..-.. Qala 95 |) SO ele 2) Gerlee dae alee Slavens Ai dee) | BO oie re) 22 
Fence repairs.......- BAS | eterl 9 .8] 1.4 .8 ef 1 ON AO es eae. -2 22 
Drain tepailseess. 5) see ee allan aes Lyle eat etsteeyd ae .2 ADA ca ail 2 ae Ely aes Se eee 
Feed, silage, etc... -- iil aif |e ileal a.) ial 5G )|)y tks 7 9 aul 9 Bsa ialen 4 
Feed, grain, etc...--- 24.7 | 19.0 | 18.1 | 17.5 | 19-7 | 16.0 | 21.3! 18.7 | 7.6 | 22.0 | 26.7 | 18.4) 16.1 
Feed grinding...-..- Tee AS) ae cass lee Tt Taye is That |p Ts 3 AGW |e Lipsy ietssel mals 1.4 
Teeand milk hang bee aos |es ae JOg hs aeeces 1.0 wee Li 3 JO ois cea [ery (2) | (4) 
Horseshoeing.-.--.-- PATON PASS) Psy OLB OL | ePE Od) 2 aless. |) PL |) ibs il |] aa 9} 1.8 Bs 
Breeding fees, vet-..- 9 a 8 ail ot si Bilal lag's ahh 9 -6 9 .6 
Seeds) plants, ete! .|"359)| 5580) 4°35) SIV 840 | 405) |" BiGN ars 2s one Os kG: sale2n6 2.5 
Merdailizone sea: see 11.3 | 13.1 | 13.5 | 12.0 } 11.4 | 18.0 | 11.3 | 12.3 | 20.8 | 11.2 | 20.1) 7.8 6.1 
Spray material...--- ai. ce | eee es oi Phy arenes Weete Sl ide as 3 bil Uy areata -1} @) al 
AU alae ee er mae Rea DP 4 4 4 = 4 3 4 fil 4 22 -3 4 
hrashinpee se ene TO Et oe Dee Nae LEC a ala sla) es ay Ibs Byif iL a 4) 14] 1.4 9 1.4 
IPTESSINO co weates dae S LO lea 220 Bale Were 255) ea ane 2eO SS ale Glee desea 1.6 
Machine hire........ 55 .6 ao a3 .3 Sh Pee ae a2 al ae ail .3 nD 
Fuel, oil, barrels, etc - =) 6 .6 ah sill sf -6 EEN (5). (6) -6 .5 5 nile 
msurancer eee Pa fod Pi WN Cat SN Wa rh Ms EX oY ical Ste) NOU eit) i) Ibe Ae oO) Sif 9 
TAKES ee eee meee 8.0) 7.38 | 6.8 |° 62:7 | °5.8) | 724) 56) (627) 9323) adnan een ee 2.9 
Miscellaneous..--.... +B Ea aes se. Pp i eats we eae sree sill all 2; 5] @ a2) 
Ay Wot salem oh Foleo eel Pee eee saleacaso| ise aclieassecisasberitsogac Gade sees Fofeeee Perse Peoee 
Cashirents. 26.022 b. exes Oer Je aes ao| 2 eee ee Rio eel ares |e ae ee | 26.9 Wesece 
Motalsas- us 100.0 |100.0 |100.0 |100.0 |100.0 |100.0 |100.0 |100.0 |100.0 |100.0 |100.0 |100.0 | 100.0 


“Tess than one-tenth of 1 per cent. 
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The next largest item is for concentrated feedstuffs, in this case 
the expenditure being somewhat greater on tenant farms than on the 
others. We have already seen that these tenant farms are somewhat 
more heavily stocked with dairy cows than owner farms are. 

The third most important item is for fertilizers, in this case the 
larger expenditure being made by owner operators. The slight dif- 
ference in this item on the two classes of farms may be due in part to 
the larger number of cattle kept on the tenant farms. 

The expenditure for hired labor increases materially with increase 
in size of farm. The smaller the farm the larger the proportion of 
the work the farm family is able to do. The only other item of ex- 
pense which shows a noticeable increase on the larger farms is that 
for baling hay and straw (“pressing”). This is because of the fact 
that the larger farms sell a somewhat larger proportion of their hay. 
On the other hand, many of the items are seen to decrease in relative 
amount as the size of the farm increases. It is quite natural that the 
item of family labor should thus decrease, for reasons already stated. 
Expenditures for repairs of buildings and fences, for horseshoeing, 
insurance, and taxes decrease relatively as the size of farm increases 
because of the relatively larger proportion of capital invested in the 
items concerned on the smaller farms. Purchased feed decreases 
on the larger farms because of their ability to produce a larger pro- 
portion of the required feedstuffs. 

The largest item in the expenses of the cash tenant is of course rent, 
which amounts to about 27 per cent of his total expenses. The only 
other considerable items are for labor, concentrated feeds, and fer- 
tilizers. These farms are considerably smaller than the farms of 
share tenants, and hence the expenditures for hired labor are smaller. 
The percentage of expenditures for labor on the cash tenant farms is 
reduced because of the fact that the rent is included in this column, 
and hence is not directly comparable with the figure in the last col- 
umn of the table where the rent is not taken into account. If we omit 
the rent in next to the last column the figure for hired labor would 
be about 25 per cent, which is about what it should be in comparison 
with the expenditures of share tenants when the relative size of the 
two classes of farms is taken into consideration. 

It is interesting to note that share tenants have relatively a very 
large amount of unpaid family labor. These are rather large farms. 
Amongst owners the only two groups of farms which have as large a 
percentage of family labor as the share tenants are the two groups of 
smallest farms. 

On the special farms two items of expense overshadow all others. 
They are for labor and for the horse manure which is the basis of the 
hothouse business as here conducted. 
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FEEDING STUFFS. 


On the whole, the farmers of Chester County grow a larger quan- 
tity of feedstuffs than they feed. They produce a large excess of 
hay, the majority of farms selling some of this product. A consider- 
able number of farms grow more corn than is needed on the farm and 
an occasional farmer sells some oats. The average value of farm feed 
sold per animal unit was $21.08 (see Table LIII). At the same time 
these farmers bought on an average $10.11 worth of feed per animal 
unit, mostly in the form of grain and mill stuffs. They thus produce 
an excess of roughage and a deficit of concentrates. This is the 
usual situation on farms devoted largely to live stock. In this region 
nearly every farmer who keeps any considerable number of live stock 
buys concentrates. The number who sell roughage, principally hay, 
is less. Some farms sell a large quantity of hay, while others that 
are more heavily stocked sell little or none. Whether it pays to sell 
hay depends on the situation on the individual farm. If the dairy 
cows are of the best quality it would probably pay best to keep 
enough of them to consume all the roughage grown, buying enough 
concentrates to make up any deficiency in the quantity produced. 
Where the cows are of only moderate quality it is undoubtedly good 
practice to sell some hay. We have already seen that on the average 
those farmers who sell a small quantity of hay make higher profits 
than those who sell none or a large quantity. This is probably due to 
the fact that the average dairy cow in this region is only moderately 
good. If all were as good as the best, it would, in all probability, pay 
to increase their number and feed all the hay. 


TasLeE LII.—Feed cost per animal unit on 378 farms operated by owners, 
Chester County. 


Value of 
Amount 
Kind of feed. Amount | Amount con- Price eed 
raised. sold. Sinad con- 
P sumed 
Bushels. | Bushels. | Bushels. 
Corn for grain and other purposes.........--.-------- 265,313 | 25,788 | 239,525 $0.75 | $179, 644 
Tons. Tons. Tons ons. 
Silage: Sess es ae ee es Oe eee 6, 6782s -eeeeees 6, 678 4.00 26, 712 
SPipiiy EAE Ws Se: Si Behe RM Jot 12, 481 5, 642 6, 839 18.00 | 123,102 
Bushels. | Bushels. | Bushels. 
Oais ere Accs sas ot See ee Se eee eee ee oes 54, 360 2,725 51, 635 -50 25, 818 
Rye tote Soe ok ec oan t Ree 5 eee ee ee Ree 224 172 - 80 138 
Barley ose re ee eee Os See nee eRe eem 229") Skee 229 -75 172 
Oats a Speliz: 3b. sheen ee Eee eee ate GON) Saeeeeerte 160 - 60 96 
Tons. Tons. Tons. 
Sipawaae see. Os Pe sce hee ee 5,000 900 4,100 4.00 16, 400 
STV BE IE 20 eee (Re ce mae Ce ee 6,000 ||: 22 eens 6, 000 5.00 30, 000 


Total value of farm feeds. Ys )h22ss eee soe he se ae eee 
Increasein inventory value..-\.::..5-2<% = a2 252 ache ocias soe ee cae See ee eee 


Total value of farm feed consumed 
Total value of farm feed consumed per EEE unit 


Value of feed purchased 2. 523.2. 2..0252 28526 seas Soa oe ee eee 


Value of feed purchased per animal unit 


Motalfeed cost 832.25. ho. on selon 2 cles ee ee ae 


$402, 082. 00 
36, 061. 00 
366, 021. 00 
49.79 
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Table LIT gives the facts concerning feedstuffs raised, fed, sold, 
and purchased. Almost exactly one-tenth of the total corn produced 
for grain was sold, the remaining nine-tenths being fed. A much 
larger proportion of the oats produced was consumed on the home 
farm. The total value of feedstuffs produced on these 378 farms and 
not sold, valued at average farm prices, which are somewhat less 
than market prices, was $402,082. Of this, $36,061 represented an 
increase in inventory over the previous year, and was hence not fed 
during the year to which this study relates. This leaves a total of 
$366,021 worth of feedstuffs produced and fed on these farms during 
the year, or $49.79 worth per animal unit. 

Adding to this the $10.11 worth of feed bought, we have a total 
value of feed per animal unit of $59.90. The actual commercial 
value of the feedstuffs used on these farms is thus in the neighbor- 
hood of $60 per animal unit. The corresponding income was $84.90, 
a difference of about $25. 

The above figures include all kinds of animals kept on these farms 
except that in determining income per animal unit the work horses 
were left out of consideration. It does not follow from these figures 
that the farmers would have made more profit if they had had no 
live stock. In the first place, the stock furnishes a very good mar- 
ket for much of the crop products of the farm. Had it not been 
for the live stock on these and other farms in this region this market 
with present prices would not have existed. In the second place, the 
presence of the animals permits a diversification of crops which in 
itself distributes the labor throughout the summer and part of the 
winter and thus enables the farmer to do a larger proportion of his 
work instead of hiring it done. In the third place, the live stock 
furnishes directly a large amount of employment at times of the 
year which would otherwise remain unoccupied. We shall also see 
later that the manure produced by the live stock on Chester County 
farms has a very decided money value, by reason of the increased 
yield of crops resulting from its use. This value is about $15 per 
animal unit. This, together with the excess of income over feed 
value, gives about $40 per animal unit as reward for labor, shelter, 
up-keep of equipment, etc., made necessary by the presence of the 
live stock. Except in the case of poultry and dairy cows, the amount 
of labor required in caring for farm animals is comparatively small. 
On the whole, therefore, the live stock in this region appears at least 
to be paying its way, and the fact that it furnishes the farmer with 
a large amount of productive labor and at the same time pays a fair 
price for what feed is consumed fully justifies the types of farming 
which prevail. Without this live stock these farmers would have 
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been idle a large portion of the year and would have made propor- 
tionately smaller incomes. 

The classes of feed crops grown and their relative acreage are shown 
in Table LITT. On the average for all the farms there are grown, 
- for each animal unit kept, corn, 0.62 acre; small grain for feed, 0.18 
acre; and hay, 1.23 acres; a total of 2.03 acres of feedable crops per 
animal unit. In addition to this we have 1.18 acres of pasture per 
animal unit, a total of 3.21 acres of land devoted to pasture and feed- 
able crops per animal unit. 


TABLE LIII.—Acres of feedable crops and pasture per animal unit on 378 owner 
farms, Chester County. 


40 or |} 41to | 61to | 81to | 101 to | 121to | Over All 
Acreage of farms: ~~~ --.----2=------ { less. | 60. | 80. | 100. | 120. | 160. | 160. | farms. 
INtMIber of fanuis sess seer ee eee 54 61 60 68 52 61 22, 378 
Number of animal units perfarm.-...| 7.6 12.5 16.6 20. 2 24.4 26.7 41.8 19. 4 
Per animal unit. 
Common sraines sce ce cee cece eee 
Corn for silage........ Rare anes aera 0. 60 0.59 0. 60 0. 62 0. 63 0. 62 0. 68 0. 62 
Othericome:sy eso eee eee os eee 
Oats and other grains for feed......-- 13 .14 .18 - 20 .17 .19 moe, .18 
PMI GEN ee aaa ae sere e soe aoS Goemees bac .99 1.05 1. 22 1. 26 1.15 1. 40 1. 26 1. 23 
Total feed crops...-...-.-.-.----- 1.72 1.78 2.00 2. 08 1.95 2.21 2.16 2.03 
Pasture se sei see cope ece oe eee - 88 ; 1.08 1.10 1.08 1. 23 1.27 1.41 1.18 
Granditotales-sasscssee ae eee oe 2. 60 2. 86 3.10 3.16 3.18 3. 48 3.57 3. 21 
Value of farm feeds sold.....-....-..- $13. 43 | $15.27 | $20.55 | $20.80 | $17.93 | $25.41 | $30.25 | $21.08 
Value of feed purchased..-..-..-..--- 12.75 8. 85 9. 61 9.36 | 11.10] 8.34 | 13.37 10. 11 


2 Does not include work horses. 


The last two lines of this table show that a considerable proportion 
of the feedable crops are sold, the amount realized therefrom being 
considerably greater than the amount expended for feedstuffs bought. 


PRODUCTION AND UTILIZATION OF SILAGE. 


Of the 378 owners operating their own farms, 56 had silos (see 
Table LIV). Silage is fed an average of 203 days during the year, 
or about 62 months. The average amount fed per day, as estimated 
by 24 of the farmers feeding this material, was 40 pounds per cow. 
Estimates of the amount fed per day are presumably based on occa- 
sional weighings of the feed given. But in estimating the amount 
of silage stored on the farm it is customary to base estimates on silo 
capacity as given by King’s rules. The farmers’ estimates of the 
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amount of silage stored by them amount to 46 pounds per head per © 


day for the usual feeding period, a difference of 13.1 per cent of the 
amount stored. If both these estimates are approximately correct, 
they indicate an average loss of silage stored amounting to 138 per 
cent. 
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TABLE LIV.—Amount of silage raised and fed per head of cattle on owner farms, 
Chester County. 


Num- 
Aver- 
" Aver- c - Num- | ber of 
Aver- | “age | Aver- Pelee cca ber of | tons 
Num- ae num | nou t| raised | tons | raised 
Number of cattle. ber of ere | eee pee fed per | for feed] Loss. 
ber of fed per | for feed] “<=! 
farms. days ay| year per 
cattle feeding day per} per day per vear 
units.@ silage.b head.b ' per , | head ‘per 
nead. 4 
head. 
Pounds.| Pounds. PX Ce 
Talk ae es See Oe ae 5 9 200 38 53 3.80 5.30 28.3 
15) U0) ee Ae ee 26 20 192 43 45 4.13 4.32 4.4 
Nee saa eis wie slaicincaniwa neces 16 29 224 32 36 3.58 4.03 11.2 
BRITON OMOIMes shales iain sicia'Saics ego asim 9 50 212 45 50 4.77 5.30 10.0 
INGE Ee EME Ae See Lea 56 26 203 40 46 4.06 4.67 13.1 


ee a eae 

On account of the manner in which this estimate was obtained, the 
figures here given can only be considered a first approximation at 
this loss. It should be stated, however, that this estimated loss of 
13 per cent is in close agreement with the rather meager chemical 
investigations of the subject. 

It is worthy of note that the largest losses occur on those farms 
feeding the smallest number of cattle. Unless there are cattle enough 
to consume the entire surface layer of silage to a depth of several 
inches daily, there is a good deal of loss from decay of silage left too 
long in contact with the air. 

The average number of tons of silage stored per head of stock 
to be fed is seen by Table LIV to be 42. The actual amount fed 
appears to be about 4 tons per head in 63 months. The common 
practice here is to feed silage during the winter, and during periods 
of the summer when pastures are short. 


RATE OF DEPRECIATION OF DAIRY COWS. 


The data obtained in this survey make it possible to calculate the 
rate of depreciation on dairy cows, as well as on farm horses. The 
rate thus obtained does not, however, represent the annual rate at 
which an animal deteriorates after it passes its prime, for as the 
calculation is here made the depreciation of such animals is in part 
eancelled by the increase in value of animals before they reach their 
prime. But the rate here obtained does represent approximately 
the average charge which must be made for depreciation in deter- 
mining the cost of maintaining the dairy herd. The method of 
calculation is shown in detail in Table LV. This method may be 
applied to an individual herd of cows, as well as to the average of a 
large number of herds. 


1See Henry’s Feeds and Feeding, edition of 1898, p. 246, where this loss is given as 
10.8 to 20.0 per cent. 
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Taste LV.—Showing depreciation of dairy cows on 3878 farms operated by 
owners, Chester County. 


Number. ee wHiHe 
Wirstinivenbony + ee eee ee jee be Mk eee es 4,196 | $56.10 | $235, 400.00 
Cows purchased!) sou: 2 aa o24 Wa ae RAR Sos ee ae eee 589 63. 84 37, 605. 00 
COWS Taise@ ss. : S72e S88. bs Sasi wns oe Sh See eS oe ae SEE eee Ree Eee 345 63. 84 22, 025. 00 
otal sic. tess seske cee tas demee esa De eddie sisels ws el ngacteie eaeteeees See ene ee Ree eee eee 295, 030. 00 
Second inventory....-.-.--.-- picid Ae APE ie moons cee es ee eee 4,164 57.01 | 237, 430.00 
Cows soldfand'slaughteredis So) eee eee eee ee a2 eee See ee eee 895 37.36 33, 437.00 
Totals: 5 280.6 o8 a jes AS wee a Peon eee ee Eee eee eee 270, 867.00 
DfT eT el CC cas ropa wie ls oe twi= S= 12) awe w]e eels SSE ee De a EE | eer See eae 24,163.00 
Increase at end ofjyearin values 2422. --- es -e-oseee eee eee ne eee eee | EeeeeE eee 91 3, 789. 00 
Total loss: 2.523 see cs once Sa seco ae cases eae meee ee a eee Ree eee eee Soother lee see ose 27, 952. 00 
Average investments. We .2L55. sans Fase Sense oe cia ein Need eee ee | Cee eerste 236, 415. 00 
Rate or depreciation fe... 252 2-52 ce ase ee eee eee eee Per Cent 2) 2S ese haeee eee 2 


The results of the calculation are somewhat surprising, and the fig- 
ures for different regions vary widely. Thus for the Chester County 
area the average annual loss on dairy cows from depreciation in value 
is 11.82 per cent of the average of the inventory values for the be- 
ginning and the end of the year. Table LVI gives a similar calcu- 
lation for a survey in an important dairy center in southern Michi- 
gan (Lenawee County), in which the corresponding rate is only 4.07 
per cent. The reason for this remarkable difference will be made 
clear shortly. 


TasLE LVI.—Showing depreciation of dairy cows on 300 farms, Lenawee 
County, Mich. 


Value per Total 


Number. ead. value. 


Hirst MVentOry.nc sd =a esas eee cee eee ae Sea ee eee ee eee 2,291 $53. 23 | $121, 942.00 
Cows purchased). -222s2e a: fee Ss ap ee een Pe eee eee 184 48. 48 8, 921. 00 
Cows raised 2.22.2 -- nee eee eee eee Meee ee eee eee ree eee eee : 236 48. 48 11, 441. 00 

Total 22s 2aialainlafeoinn nie miele ae ieee ae alec sininla) = alam eo oe eee | eres | eee 142, 304. 00 
Second inventory. .215.0. Jil ee ee Lae 2,215| 51.90] 114,967.00 
Cowsisold'and'slaughteredas 2. 29. see eee ee eee ee ee eee eee 466 42. 00 19, 572. 00 

Potdls fe). Pe cn dle ne ONT a Ostler vae es Givi Cteta Pep iy 134, 539. 00 


Loss (including decrease in value at end of year) 7, 765. 00 
Decrease in value atiend of yearss-.----- 125 2hsse- ee ea ete eee een Eee eee ee c 2, 946. 00 

Motaliloss: 2)22Eee Seal ee 4,819.00 
Average investment Seale ---| 118,454.00 
Rate of depreciation 4.07 


In making these calculations it is assumed that it costs as much on 
the average to raise a dairy cow as the average price at which cows 
are purchased in the respective localities. This may be in error, but 
even if the cost is considerably-less the results would not vary greatly 
from those given, because of the relatively small proportion of cows 
raised, especially in the Pennsylvania area. 
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The remarkable difference in the rate of depreciation of dairy cows 
in Chester County, Pa., and in Lenawee County, Mich., is due mainly 
to the difference in the prices at which cows are bought and sold in 
the two localities. In the Michigan locality the average price paid 
for cows by dairy farmers was $48.48. The average price at which 
these same farmers sold their discarded cows was $42, a difference of 
only $6.48. In the Pennsylvania locality the average purchase price 
was $63.84, while the averagé sale price was $37.36, a difference of 
$26.48. The Pennsylvania farmer thus loses $20 more per cow bought 
and sold than does the Michigan farmer. This accounts for the much 
larger annual charge for depreciation on the Pennsylvania farms. 

In the Chester County area the farmers on the average raise 37 per 
cent of their cows and buy the remainder. In the Michigan locality 
they raise 57 per cent. The proportion of the average herd discarded 
yearly is 23 per cent in Pennsylvania and 21.6 per cent in Michigan. 
The average length of time the average cow remains in these herds is 
therefore 4.34 years (=100/23) in the Pennsylvania area and 4.52 
years in the Michigan area. The yearly percentage of deaths in the 
herds was 1.69 for Pennsylvania and 1.31 for Michigan. 

In the above calculations it is assumed that the few cows butchered 
were worth on the average as much per head as those sold. As very 
few were butchered, whatever error there may be in this assumption 
is of minor importance. 


DEPRECIATION OF FARM WORK HORSES. 


The rate of depreciation of farm work horses in these same locali- 
ties is shown by the calculations given in Tables LVII and LVIII. 
In both cases the annual rate is very close to 5 per cent. This does 
not represent the rate at which a horse depreciates after he has passed 
his prime, since, as in the case of dairy cows, this depreciation is 
partly offset by the increase in value of young horses. 


TasLe LVII.—Showing depreciation of horses on 878 farms operated by owners, 
Chester County. 


Value per Total 

Number. head. value. 
Ber TANT SMENVCRCOLY er = creas oso sic a= sce emeecie ee coco ablsee ain gaueees cee 1,369 | $135.98 | $186, 183. 00 
Meehiien Of NOSES PUNCHAsed...« sagen. ecco nice eo ciswe eb cee aoe enn etece ee 103 157. 36 16, 208. 00 
MESTENOUHOLSOS NAISCC 2.075 3c J esses ented cine sigey5,- = as'n'eenn creer sane 8 157. 36 1, 259. 00 
NCSA erence RS re ete inte sts os rate SEN Om Si iere o wloeie ei mcisidsios aul Grosse sivas |leisaisiesqiccclal 203, 650. 00 
Meter SCCOMGUIVCNLOLY:< 22 be ceiscs «osama cians Sas Siete 4s see eee sesenee ' 1,367 138. 95 189, 947. 00 
MEPHELOMNOTSES| SOL tee roles Seen et att eee elect sma sccies se sec ueenalere 64 128. 02 8, 193. 00 
RET od Goceche p ERE ERE ESE CEP ROS ne Eo rete een e eee aaa Ai Fee ne Rel ee 198, 140. 00 
SSNs. oe Sehce Spe CGC CHE ale SEP e CEE IA ET IGE Seite ise gas Sears aa esi! [Fee ae oe a a 5,510. 00 
BeercaSOunphICe CUEING: VEAL. acl. cc woe cle sweis cleii= cle wien coe ess cbecinecnie|oss bases wie 2.97 4, 060. 00 
BOURMOSSeteeeemee reste aae ano sae ae eee cet vais © cise stelgantom ates soel ewes sek scllscaveceic se 9,570. 00 
BOCES OCMTLV OSHIMGIUL seectete saeco nc ose eo acne mists acsinie Siee saree eeie|Seectaata Selle cS ociaclyes 188, 065. 00 
PMCIONGUEPLeClAWON . ssccememeaseces Sadstcemese teec veceacece EL CONG ss] saa seve Soc ciece 5.09 
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The rate is largely determined by the practice of farmers in dis- 
posing of horses while they are still salable at a fairly satisfactory 
price. If all farm horses were kept until their usefulness was at 
an end, the depreciation on them would undoubtedly be much greater 
than the results here found. The death rate would also be much 
greater. As it is, the percentage of deaths among the farm horses 
in the Pennsylvania area was 3.58 per cent annually, and in the 
Michigan area 3.31 per cent. This is not the average annual death 
rate among horses generally; if it were, it would indicate an average 
lifetime of nearly 30 years. But it is the average annual death rate 
of horses during the period they are kept on these farms. 

On the average, the farmers of the Michigan locality keep a horse 


_ 8.5 years, and sell him then for $18.68 less than they paid for him. 


The Pennsylvania farmer, on the other hand, keeps his horses an 
average of 12.1 years, and then sells them for $29.34 less than they 
cost originally. 


Taste LVIII.—Table showing depreciation of horses on 800 owner farms, 
Lewanee County, Mich. 


Total Value Total 

number. | per head.| value. 
Horsesiat beginning ofyear @ act e sees cere Cena eater eee eee 1,027 | $126.50 | $129,912. 00 
Horses purchased. .1..s:2eece os Sede sa sdes see ease ee Soe eae 90 161. 31 14, 518. 00 
Horses TAISEd ss nies ee eee sna see eden ade seeeeine cee geet eee en eee Cree 37 161. 31 - 5, 968. 00 
Total. cicie ce lo cedGeseee seh: cereus teed Sle ae ge ee eee | ee | 150, 398. 00 
Horses ‘at end of year... tsos503. 2 Jodens demas ase ee Bee eee eee 1, 033 132.91 | 137, 299. 00 
Horses SOld 2s sissies soe seh Whi ae ee tee eee ee eee ee 87 142. 63 12, 409. 00 
4 02) ee er eee eee Bee eee Ge a aac oe cullsedisouae nc\lsoumocecce 149, 708. 00 
DOSS) osc aige Ses sesh 2 sees eS ae vs SU ee eee te ae 690, 00 
Inerease in price during yearsen os. oc.cere os- soe oe else aise eae yee en CoE E eee 6, 41 6, 621. 00 
Total loss. 22.5222: ce522 noe sk gene ateiieis eae Rec ee ee eee eel Ree neal eee creer 7,311. 00 
Acverage investment... 56 6 adele e sdwigie «eres eee See ya eee Oe Pe oeea Beemer 150, 053. 00 
Rate ‘of depreciation: - 22. 520.8 Joe ).6 ce see cc oe ve See cielo eae He See eee Be eee | Se eernceeers 4, 87 


@ Does not include 3 stallions valued at $1,100 apiece. 


VALUE OF FARM MANURE PER ANIMAL UNIT. 


The data obtained in the usual farm-management survey make it 
possible to estimate at least roughly the money value of the manure 
of farm animals on the basis of the actual increase in crops yield on 
farms having large complements of live stock as compared with 
those having few animals. The results obtained by the method out- 
lined in Tables LIX and LX will depend on the character of the 
soil, the character of the crops grown, the value of these crops per 
unit of product, and on the methods practiced by farmers in the 
management of manure, i 


FARM MANAGEMENT PRACTICE OF CHESTER COUNTY, PA. 97 


Taste LIX.—Value of manure per animal unit determined by comparing two 
groups of Chester County farms. 


[The first group contains 94 farms (one-fourth of entire number) having the least number of animal units 
per 100 acres of crops (average, 20.36). ‘The second group includes 94 farms having the highest number of 
animal units per 100 acres of crops (average, 56.85). Difference, 36.49 animal units.] 


Average yield per 
acre. Increase in Value of 
Acres per Increase | production increased 
Crops. 100 acres in yield per 100 Prices.@ | production. 
of crop.2 | Lowest | Highest | per acre | acres of per 100 acres 
group of | group of crops. of crops. 
94 farms. | 94 farms. 
Bushels. | Bushels. | Bushels. | Bushels. 
23 59. 98 71. 83 11. 85 272. 55 $0. 80 $218. 04 
6. 21 79.18 83. 09 3. 91 24, 24 1.04 25. 21 
18.8 23. 90 25. 56 1. 66 31. 21 . 92 28. 71 
6.6 37. 86 43. 67 5. 81 38. 35 moe 21.09 
Tons. Tons. Tons. Tons. 
45.4 ee 1.55 33 14. 98 Pde 1174 331. 36 
Peete ae ears sate | sieiee e/aisicks, |= misieice sere [aria /Sielc sail cwataiciarsisieig| simceme ce males laeeh oa sicee 624. 41 
Excess of fertilizer used by second group, per 100 acres of all crops.-......-.-.--2----eeeeeeeeeeeeee 48.00 
TEED AS CILUON UO 49 AUDIT UTES ae eyateim os aaveictoie: cintoe whe feiate eysinin wa sie = alee ielolvnlaeltsleinlete es se eiomsieasean- 576. 41 
Breas nom Ono animal tas a pes ccepaieciceine sie cies cine aislesercieieicic, ciasinye Wisiepe wicia\e/aieisw ntcieie'aisisfo silts are 15. 80 


a Areas and prices are the averages for the entire 378 farms operated by their owners. These are used in 
order to eliminate factors other than the quantity of manure available. The crop areas given here are per 
100 acres of the five crops mentioned. 

The figures given for the value of manure per animal unit repre- 
sent merely the increase in crop values due to the use actually made 
of the manure on the farms in question. The cost of caring for the 
manure and of spreading it on the fields must be deducted from 
these figures. The average cost of spreading manure on the fields is 
about 50 cents per ton, or about $5 or $6 per animal unit. It must 
be remembered, however, that most of this cost is represented by 
labor which the farmer may perform himself, and that whatever 
he gets for his labor is added to his annual income, even if it be less 
than ordinary wages. 

In making these calculations the farms of each locality were 
divided into four equal classes, based on the number of animal units 
kept per hundred acres of crops. The calculations relate only to the 
“major field crops, but the figures are handled in such a manner as 
to credit similar average increases in yield and acre value to minor 
field crops and to orchard lands. 

No account has been taken of whatever manure may have been 
used on kitchen gardens or on permanent pasture land. There should 
undoubtedly be some credit for these two classes of land, but as there 
is no way of arriving at its value no account could be taken of it in 
these calculations. Studies are now in progress with a view to de- 
termining the value of manure used on pasture lands in this and 
other localities. 

14138°—Bull. 341—16——7 
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TasLe—E LX.—Value of manure per animal unit determined by comparing two ‘ 
groups of Lenawee County (Mich.) farms. 


[The first group includes 75 farms (one-fourth of the entire number) having the least number of animals 
per 100 acres of crops (average, 19.44). The second group includes 75 farms (one-fourth of entire number) 
aving the largest number of animals per 100 acres of crops (average, 48.53). Difference, 29. 09.] 


Average yield per acre. 
ome Increase in eave a 
Acres per_ |—————__————__|_ Increase _| production al ti 
Crops. 100 acres of F in yield per 100 Pricessay (| ro Oro 
crops.@ Lowest | Highest er acre acres of pers 100 
3 group of group of P 2 F “BRODER acres of 
75 farms. | 75 farms. ; : 1g crops. 
Bushels. Bushels. Bushels. Bushels. 
Comey eek oar 29.8 51.63 56. 00 4.37 130. 23 $0. 63 $82. 04 
Potatoes.....-...- st 73.29 85. 07 11.78 8.25 83 6.85 
Wiheato. 2. 525e see 15.9 20.84 | : 23. 54 | 2.70 42.93 . 98 42.07 
COPE eine 18.4 Sandie le 44, 43 5. 66 104.14 - 46 47.90 
Barleyes.co2e ose 2.0 24.79 | 25.76 97 1.94 1.00 1.94 
Tons Tons. Tons Tons 
ay eee eee bs 2 1.08 Ths Ss |} 10 3. 32 18.50 61. 42 
of 0) 2) Ce core Leen en Ud De et RE LIM Mpment shag: poem Sting Se oe eb ee b ose ane 242.22 


Excess of fertilizer used by the second group per 100 acres of crops. . 
Increase due to 29.09 animal units..........-...:2...-.------------ 
increase due)tojone animal jumitesseee es eee eee ner eee eee 


_ @ Areas and prices are the averages for the entire 300 farms operated by their owners. ‘These are used 
in order to eliminate factors other than the quantity of manure available. The cropareas given here 
are per 100 acres of six crops mentioned. 


The comparison on which the estimates of value are made is be- 
tween the fourth of the farms having the fewest animal units per 
hundred acres of crops and the fourth having the highest number. 
The farms having most live stock in general had larger acreage of 
corn than did those with less live stock. As a large part of the in- 
crease in crop values per acre was due to the marked increase in the 
yield of this crop, the actual crop values on the more heavily stocked 
farms were somewhat greater than the figures given in the tables in- 
dicate. But this was due to the greater acreage of the more profitable 
crop, and not to greater yield per acre. In order, therefore, to ascer- 
tain the actual effect due to manure alone it was necessary to use the 
average acreage of each crop on the entire number of farms. This 
gives the same relative acreage of each crop on the farms in each. 
group. The prices used are also the average for all the farms, for 
such differences in prices as occurred on the groups of farms com- 
pared were not due to the effect of the manure. 

In the Pennsylvania area the increase in crop values due entirely 
to increase in yields on the more heavily stocked farms is seen to 
amount to $15.80 per animal unit per year. In the Michigan area 
the corresponding figure is $8.22. The soils of the Pennsylvania 
area are in the main of granitic origin, and are more in need of 
fertilization than those of the Michigan area, which are of glacial 
origin and contain more lime and soluble mineral matter. Manure 
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being more valuable to the Pennsylvania farmer, he takes better care 

of it than does his Michigan competitor. 
These figures are at best a mere first approximation to an im- 

portant result. The method here used is entirely new, and may have 


defects which the authors have overlooked. 


Its importance, how- 


ever, appears to justify its publication as a means of stimulating re- 


search along this line. 
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MEANING OF THE TERM “ PASTEURIZATION.” 


The term “pasteurization,” as applied to milk, should mean a 
process of heating to 145° F. and holding at that temperature for 30 
minutes, but as applied under commercial conditions it is the precess 
of heating for a short or long period, as the different methods de- 
mand, at temperatures usually between 140° and 185° F. The process 
is followed by rapid cooling. The term originated from the experi- 
ments of Louis Pasteur in France. From 1860 to 1864, in experiment- 
ing on the “diseases” of wine, he found that heating for a few 
moments at temperatures of from 122° to 140° F. was sufficient to pre- 
vent abnormal fermentations and souring in the wine. A little later 
he found that by a similar heating beer could be preserved from sour- 
ing. The application of the process gave rise to the term “ pasteuri- 
zation.” 

VALUE OF PASTEURIZATION. 


From a sanitary standpoint the value of pasteurization is of the 
greatest importance when market milk is under consideration. The 


Notre.—This bulletin will be of interest to health officers, medical men, scientific dairy- 
men, and others who may be interested in the subject of pasteurization. 
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pasteurization of milk, when the procels is properly performed, 
affords protection from pathogenic organisms. Such disease-produc- 
ing bacteria as Bacillus tuberculosis, B. typhi, B. diphtherie, and the 
dysentery bacillus, when heated at 140° F. for 20 minutes or more, are 
destroyed, or at least lose their ability to produce disease. 

According to Mohler (1), pasteurization offers protection against 
foot-and-mouth disease. He makes the following statement: “ Milk | 
which has been pasteurized for the elimination of tubercle and 
typhoid bacilli will not prove capable of transmitting the disease 
{ foot-and-mouth] to persons or animals fed with it.” In view of 
the recent outbreak of foot-and-mouth disease in this country this 
is of importance. 

Within recent years several epidemics of septic sore throat have 
been traced to milk. In some of these epidemics it was found possible 
by pasteurization to destroy streptococci which were isolated from 
throats of infected people and which were believed to be the infective 
agents. Pasteurization, properly performed, seems to protect against 
epidemics of this kind, but until the organism which causes the 
disease is definitely rane it is Sebo sone to say that it affords abso- 
lute protection. 

Epidemics of scarlet fever have been traced to milk supplies, and 
in such cases pasteurization has been resorted to; with apparently 
satisfactory results, as a means of safeguarding the public health. 

Pasteurization is of value from a commercial standpoint so far as 
it increases the keeping quality of the milk and prevents financial 
losses by souring. As practiced at the present time, commercial 
pasteurization, with reasonable care, destroys about 99 per cent of 
the bacteria, and while it does not prevent the ultimate souring of 
milk, it does delay the process. At the present time pasteurization 
is the best process for the destruction of bacteria in milk on a com- 
mercial scale. Many attempts have been made to destroy these bac- 
teria by means of electricity, but its use commercially has not proved 
satisfactory. Its action is usually indirect, the bacteria being de- 
stroyed through the heat produced by the electric current or through 
chemical substances produced by decomposition of the milk. It is 
possible, however, that future research will develop some satisfactory 
method of treating milk in this manner. 

The use of ultra-violet rays for the destruction of bacteria in milk 
has not proved to be of value as a commercial process. Experiments 
with these rays carried on by Ayers and Johnson (2) showed that 
while the rays cause great destruction of bacteria in milk, when 
exposed under suitable conditions, the process in its present state 


1See references to literature at end of paper. ‘ 
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of development can not replace that of pasteurization on a com- 
mercial scale. 


EXTENT OF PASTEURIZATION IN THE UNITED STATES. 


Pasteurization, when first practiced by milk dealers in this country, 
was carried on secretly, and, except as a means of preserving the 
milk, was regarded by them as a process of no value. As the prac- 
tice became more general the subject of pasteurization was studied, 
and its value as a means of destroying disease-producing bacteria 
was recognized. In consequence of the recognition of the merits of 
the process there has been during the last 10 years a rapid increase 
in the quantity of milk pasteurized, particularly in the larger cities. 
Jordan (3) states that 10 years ago only about 5 per cent of the 
milk supply of New York City was pasteurized, as compared with 
about 40 per cent in 1912 and 88 per cent in 1914. In Boston, in 1902, 
very little milk was pastenrized, while at present 80 per cent is so 
treated, and in many of the smaller cities there have been correspond- 
ing increases in the quantity of milk pasteurized during the last few 
years. 

The general tendency in this country to-day is toward the pas- 
teurization of all market milk, with the exception of certified and 
inspected milk from tuberculin-tested herds. Some idea of the extent 
of pasteurization may be gained from Table I. The figures* were 
supplied by the milk-investigations section of the Dairy Division 
and were obtained from replies to circular letters sent to health 
officers. 


Taste I.—Haztent of pasteurization of milk in cities in the United States. 
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It will be seen that of nine cities with a population of more than 
500,000 each, in seven more than 50 per cent of the milk is pasteur- 
ized; in fact, the proportion is much higher, as Table II shows. 
Since these figures were obtained the per cent of milk pasteurized 
has probably increased in these cities. 


1 These figures were obtained through the kindness of Mr. Ernest Kelly and Mr. L. B. 
Cook. 


4 BULLETIN 342, U. S. DEPARTMENT OF AGRICULTURE. 


TABLE II.—Proportion of total milk supply pasteurized in certain cities 


« . Per cent 
City. Per cent City. : : 
: < pasteurized. Xe Sie 
ized. 
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Detar Miche eee eee e eee oc 57 St. owisS(Moce--25-coeee ene eee 70 
New Works NW e. bs ie Ssaesesetee5- 88 


1 In the small cities the per cent of milk pasteurized is much lower. 


METHODS OF PASTEURIZATION. 


At present there are three processes of pasteurization practiced in 
this country. The first is known as the flash, or continuous, process; 
the second, the holder, or holding, process; and the third is known as 
pasteurization in the bottle. 

The flash process consists in heating rapidly to the pasteurizing 
temperature, then cooling quickly. In this process the milk is heated. 
from 30 seconds to 1 minute only, usually at a temperature of 160° F. 
or above. 

In the holder process the milk is heated rapidly to temperatures of 
from 140° to 150° F. and held for approximately 30 minutes, after 
which it is rapidly cooled. Sometimes the milk, instead of being 
held at a certain temperature in one tank for 30 minutes, is merely 
retarded in its passage through several tanks so that the length of 
time is required for the milk to pass through. In such cases, how- 
ever, there is no assurance that all the milk is held for the desired 
time. The holder process, which is gradually replacing the flash 
process, is more effective and is superior in every way. 

Pasteurization in bottles 1s the latest development of the process 
to be used on a practical scale. This process, as first practiced, con- 
sisted in putting the raw milk into bottles with water-tight seal caps, 
then immersing them in hot water until heated to 145° F. and hold- 
ing them at that temperature for 20 or 30 minutes. The cooling 
was accomplished by gradually lowering the temperature of the 
water until that of the milk reached 50° F. This method is now in 
use in several milk plants. The advantage of this process is in the 
fact that the milk after heating is not exposed until it reaches the 
consumer, thereby eliminating any danger of reinfection with dis- 
ease-producing organisms through handling. For this process to 
be successful it is necessary, of course, that the seals be absolutely 
water-tight, as the bottles are submerged in water, and, during cool- 
ing, a defective cap might allow infection by polluted cooling water. 
The disadvantage of this process is in the increased cost of pasteuriz- 
ation, caused by the cost of the seal caps. It is claimed, however, 
that the saving in milk losses by pasteurization in bottles makes up 
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for the added expense of caps. It is now possible to pasteurize milk 
in this manner without using water-tight caps. This is accomplished 
by the aid of devices which fit over the tops and necks of the bottles, 
thereby protecting the ordinary paper caps from the water which is 
sprayed on the bottles for the purpose of heating or cooling. This 
method of protecting the tops permits the use of the ordinary caps 
and removes the possible danger of polluted water infecting the milk. 

Another method of pasteurization, or, rather, a modification of the 
present holder process, is that of bottling hot pasteurized milk. 
Work on this process was begun in 1911, and the process was first 
suggested by the author (4) in 1912; further work on this subject 
may be found in an article published in 1914 (5). The process con- 
sists in pasteurizing milk by the holder method at 145° F. for 30 
minutes, then bottling, while hot, in hot, steamed bottles. The bot- 
tles are steamed for two minutes immediately before filling. After 
filling with hot milk and capping with ordinary caps the bottles 
may be cooled at once by any of the systems in which the caps are 
protected and the bottles sprayed with water, or the forced cold-air 
circulation may be used. 

The use of forced-air circulation for cooling milk is entirely new, 
and while only suggested in the paper describing the process of bot- 
tling hot pasteurized milk, recent experiments with it for cooling 
indicate that it is practicable. We have obtained bacteriological 
results which show that this process is always as good as, and often 
superior to, the process of pasteurization in bottles. The results of 
these experiments are being prepared for publication. While work- 
ing on this process of bottling milk hot it was found that a similar 
process was patented several years ago. It was described by De 
Schweinitz (6), and recently two other patents on the process have 
appeared. 


ADVANTAGES OF LOW-TEMPERATURE PASTEURIZATION. 


In general the trend of pasteurization is toward the holder process, 
and with this tendency the use of lower temperatures is becoming 
more common. As a general rule, when the holder process is used 
milk is heated to 145° F. for 20 or 30 minutes and to at least 160° F. 
for 1 minute when the flash process is used. From bacteriological, 
chemical, and economical standpoints it is highly desirable that milk 
be pasteurized at low temperatures. : 

From a bacteriological standpoint, pasteurization at 145° F. for 30 
minutes gives assurance, so far as we know, of a complete destruction 
of disease-producing bacteria, and at the same time leaves in the 
pasteurized milk the maximum percentage of the bacteria that cause 
milk to sour (lactic-acid bacteria) and only a small percentage of 
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those that cause it to rot (peptonizers). When higher temperatures 
are used, while the total number of all kinds of bacteria is reduced, 
the percentage of lactic-acid bacteria becomes less and less and the 
peptonizing group increases until at 180° F., or above, when the 
lactic-acid bacteria are practically destroyed and the most of the 
bacteria left belong to the peptonizing group. ‘The heat-resistant 
lactic-acid bacteria which survive pasteurization at 145° F. for 30 
minutes play an important role in the souring of commercially pas- 
teurized milk. 

From a chemical standpoint the advantage of low temperatures is 
in the fact that milk pasteurized at 145° F. for 30 minutes does not 
undergo any appreciable change which should affect its nutritive 
value or digestibility. According to Rupp (7) the soluble phosphates 
of lime and magnesia do not become insoluble, and the albumin does 
not coagulate. At 150° F. about 5 per cent of the albumin is rendered 
insoluble, and the amount increases with higher temperatures to 160° 
F., when about 30 per cent of the albumin is coagulated. The heat- 
ing period in Rupp’s experiments was 30 minutes. 

From an economic standpoint the advantage of pasteurization at 
low temperatures is in the saving in the cost of heating and cooling 
the milk. Bowen (8) has shown that the flash process of pasteuriza- 
tion requires approximately 17 per cent more heat than the holder 
process. There is, of course, a correspondingly wider range through 
which the milk must be cooled, which also adds to the cost of pasteur- 
izing. This is owing to the fact that in the holder process milk may 
be heated to 145° F. and held for 30 minutes, while to obtain the 
same bacteriological efficiency with the flash process, with one-minute 
heating, the milk would have to be heated to 165° F. 


TEMPERATURES AND METHODS MOST SUITABLE FOR .- 
PASTEURIZATION. 


In view of the advantages of low-temperature pasteurization, it is 
advisable to pasteurize milk at 145° F. for 30 minutes. It has been 
found that heating at 140° F. for that length of time will destroy 
pathogenic bacteria, but in practice it 1s advisable to use a tempera- 
ture several degrees above the limit of safety. During extensive 
studies of the effect of different temperatures it has been shown that 
an increase of 5 degrees above 140° F. produces a great increase in 
the destruction of bacteria in milk. 

The holder process, as previously described, is entirely satisfac- 
tory when properly used. Considerable attention is necessary, how- 
ever, to see that the milk is not contaminated during cooling and. 
capping. , 

Pasteurization in bottles eliminates the danger of reinfection, 
provided no water is introduced into the bottles during cooling. 
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From a sanitary standpoint this process is very satisfactory. In the 
past, on account of the difficulty of treating large quantities of milk, 
pasteurization in bottles has not been used to any great extent in 
large plants. 

The bottling of hot pasteurized milk in steamed bottles is a process 
which eliminates the danger of reinfection and can easily be adapted 
to the treatment of milk in large quantities. 

Any one of these methods of pasteurization is satisfactory, pro- 
vided a temperature of 145° F. is maintained for 30 minutes and 
reinfection is prevented during subsequent handling of the milk. 


SUPERVISION OF THE PROCESS OF PASTEURIZATION. 


As is the case with almost every known process which permits 
of variation by the operators, the process of pasteurization is fre- 
quently. performed improperly. This is attributable sometimes to 
lack of care on the part of the operators, but probably more often to 
lack of proper knowledge of the functions of the process. Pasteuri- 
zation calls for supervision by competent inspectors to remedy such 
conditions, and supervision is provided for in only a few of the 
larger cities. In these cities the process must be performed by ma- 
chines approved by the boards of health, and at such temperatures 
and for such periods of holding as are required. 

In some cities pasteurized milk must be marked “ Pasteurized,” 
and in some cases the temperature must be stated, together with the 
date of pasteurization. 

In most of our cities there is a great lack of proper control over 
the process of pasteurization, and a standard method of pasteuriza- 
tion and definite procedure for proper supervision of the process is 
greatly needed.° 

The process of pasteurization is by no means “foolproof.” It 
‘demands a knowledge on the part of the operator of the action of 
the process and its objects. Not all operators have such knowledge. 
Records obtained in 1912 from 231 milk plants showed that 99 per 
cent of those which used the holder process pasteurized at the proper 
temperature. Among thoseewhich used the flash process only 57 
per cent employed temperatures high enough to give satisfactory 
results, while in the other 43 per cent the temperatures were too low 
to be effective in the destruction of pathogenic bacteria. At the 
present time this condition is much improved. . 

Anyone who has had the opportunity to examine the numerous 
plants where pasteurization is practiced has undoubtedly found cases 
in which as many bacteria were introduced in cooling and bottling as 
were destroyed by the heating process. It is in such cases that the 
operator’s ignorance of the fundamental principles of the process is 
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most strikingly shown. One false step, such as running pasteurized 
milk through a piece of dirty cheesecloth before it enters the bottle 
filler, may undo all the previous work. Pasteurization is an added 
expense, and merely as a matter of business, it is hard to believe that 
after the process is properly performed anyone would willfully al- 
low the results to be spoiled by a single operation, no matter whether 
the object of the process is to produce a sanitary milk or merely 
to preserve it. The failure of a few plants to pasteurize properly is 
no reason for condemning the process. In such casesva little educa- 
tion will often produce marked improvement and enable the milk 
dealer to meet city regulations. 

The control of the process of pasteurization should be based only 
on accurate scientific data. In the past.it has often been the practice 
to expect a bacterial reduction of 99 per cent during pasteurization. 
While it is an easy matter to destroy 99 per cent of the bacteria when 
the raw milk contains large numbers, it is often impossible, on ac- 
count of heat-resistant bacteria which are not necessarily spore form- 
ers, to destroy 99 per cent when the milk contains about 100,000 bac- 
teria per cubic centimeter. In a large number of experiments in 
which milk was pasteurized under exact laboratory conditions, where 
no reinfection was possible, in one sample only 17 per cent of the 
bacteria were destroyed. Often 99 per cent of the bacteria may be 
destroyed, and yet the milk may still contain hundreds of thousands, 
while in other cases in which it contains only tens of thousands, the 
per cent of reduction may have been only from 80 to 90. The ef- 
ficiency of the process can not be based on the per cent of bacteria 
destroyed. 

In the control of pasteurization it is essential that the proper tem- 
perature be used and that the process be so performed that no rein- 
fection takes place. This can be accomplished best. by direct super- 
vision of milk plants by trained men who have authority to carry 
on such supervision, and by bacteriological control of the process. 


HANDLING PASTEURIZED MILK. 


The pasteurization of milk destroys about 99 per cent of the bac- 
teria; consequently the milk is not sterile. On account of this fact 
pasteurized milk is still a perishable product, and must be handled 
with the same care as raw milk. This is a point for both the con- 
sumer and the milkman to remember. 

Milk after pasteurization should be cooled to about 40° F. and 
kept at that temperature until delivery. During warm weather it 
should be iced on the delivery wagons. From a sanitary standpoint 
all milk, whether raw or pasteurized, should be delivered as soon as 
possible, in order that the consumer may get it in the best condition. 
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In the best pasteurized milk, when held at about 40° F., there is only 
a slight bacterial increase during the first 24 hours. In many cases 
the pasteurization and delivery may be so arranged that the con- 
sumer gets the milk before much, if any, change has taken place in 
the bacterial content. The tops of the bottles should have overlap- 
ping caps to protect them from dust, dirt, or other contamination, 
and the cap should be marked “ Pasteurized ” and show the date and 
the temperature at which the milk was treated. For the benefit of 
the consumer this information should be printed on the cap, as it is 
only right for him to know whether he is using raw or pasteurized 
milk, and if pasteurized, the temperature may be of importance to 
him. Some people object to pasteurized milk, especially for infant _ 
feeding, while others desire it. It has been the experience of numer- 
ous milk dealers that the labeling of their product has greatly 
increased their trade. 


COST OF PASTEURIZING MILK. 


The cost of pasteurizing milk is a matter of considerable impor- 
tance. It has been found by Bowen (loc. cit.) that the average cost 
of pasteurizing 1 gallon of milk is a little more than three-tenths of 
a cent ($0.00313). He obtained this information from a series of 
tests in five establishments which were considered to represent the 
average city milk plant. The pasteurizing equipment in each con- 
sisted of a heater, a holding tank, a regenerator, and a cooler. The 
cost of the operation was based on the pasteurizing cycle, starting 
with the initial temperature of the raw milk and raising it to the 
pasteurizing temperature, then cooling to the initial temperature 
of the raw milk. He based the costs on daily interest at 6 per cent 
per annum on capital invested in pasteurizing equipment, and depre- 
ciation and repairs per day at 25 per cent per annum, interest per 
day at 6 per cent per annum on capital invested in mechanical equip- 
ment for pasteurizing, and depreciation and repairs per day at 10 
per cent per annum. Other costs figured were labor, coal at $4 a ton, 
cooling water at 50 cents a thousand cubic feet, and refrigeration 
at $1 a ton. 


BACTERIA WHICH SURVIVE PASTEURIZATION. 


Earlier in this paper it is stated that about 99 per cent of the 
bacteria in milk are destroyed by pasteurization; consequently about 
1 per cent of the bacteria remain alive in the milk, and that just what 
kinds are left depends entirely on the temperature to which the milk 
is heated. From studies of the bacteria which survive pasteuriza- 
tion (9) it is possible to show graphically the hypothetical relations 


of the bacterial groups in raw milk and in milk pasteurized by the 
holder process at various temperatures under laboratory conditions. 
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The bacterial flora of the various kinds of milk is represented in 
figure 1 by columns of equal length divided into sections, which, in 
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a general way, show the relative proportion of the bacterial groups. 
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Fie. 1.—The hypothetical relation of the bacterial group to raw and pasteurized milk. 
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In milk pasteurized at 145° F. the great increase in the propor- 
tion of the acid-coagulating and acid groups is plainly shown. ‘The 
per cent of the alkali and peptonizing groups is reduced. At 160° F. 
the total-acid group is still the largest, but the acid-coagulating group 
is made up of bacteria which coagulate very slowly. At this temper- 
ature the alkali group is greatly reduced, and the peptonizing re- 
duced to the minimum. At 170° F. the total-acid group remains 
about the same, but the organisms produce acid and coagulate the 
milk very slowly. The Ae group is practically destroyed, 
although occasionally a sample may show a fairly high per cent. 
The most important change is in the peptonizing group. At this 
temperature the ratio of this group to the total number of bacteria 
begins to increase. The increase when milk is pasteurized at 180° F. 
is even more striking. At this temperature more than 75 per cent of 
the bacteria which survive are peptonizers. No organisms of the acid- 
coagulating group are found, and only a small per cent of the acid 
group. Occasionally a few of the alkali group may be found. At 
190° F. and 200° F. the bacterial groups which survive are about the 
same in their relative sizes as at 180° F.. 

Tt is very evident that when the bacterial flora of pasteurized milk 
is under discussion the temperature of the process is of fundamental 
importance. From figure 1 the bacterial groups left in milk pasteur- 
ized at different temperatures may be seen at a glance. It must be 
remembered, however, that the relations of the bacterial groups 
represent only average conditions and that the bacterial flora of 
every sample of milk must not be expected to conform exactly to 
these averages. Variations in methods and conditions in the produc- 
tion of milk may considerably influence the bacterial group rela- 
tions of an individual sample. 

The results in figure 1 may perhaps be better explained in popular 
terms. When milk is pasteurized at 145° F. for 30 minutes, the 
most of the bacteria (lactic-acid bacteria) left alive in it are of the 
kind which causes it to sour, and there are present only a few bac- 
teria (peptonizing) which cause it to rot. As the milk stands, the 
acid formers grow and cause the milk to sour instead of rot. When 
milk is pasteurized at 180° F. for 30 minutes, however, the bacteria 
(lactic-acid) which cause the souring of milk are practically all 
destroyed, and those which are alive (peptonizing) continue to grow 
and cause the milk to rot. 

Since the general groups of bacteria which survive pasteurization 
have been discussed, let us now consider a more specific group. It 
has been the custom of some authorities to consider the presence of 
streptococci in pasteurized milk an indication of an ineffective 
process. In a recent study (10) of the subject, however, it was 
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found that certain strains of steptococci are able to survive pas- 
teurizing temperatures. 

The thermal death points of 139 cultures of streptococci isolated 
from cow feces, from the udder and mouth, and from milk and 
cream, showed a wide variation when the milk was heated for 30 
minutes under conditions similar to pasteurization. At 140° F., the 
lowest pasteurizing temperature, 89 cultures, or 64.03 per cent, sur- 
vived; at 145° F., the usual temperature for pasteurizing, 46, or 33.07 
per cent, survived; and at 160° F., 2.58 per cent survived; all these 
were destroyed at 165° I. The streptococci from the udder were, 
on the whole, less resistant, and those from milk and cream more 
resistant to heat than those from the mouth and feces of the cow. 

Two classes of streptococci seem to survive pasteurization: (1) 
Streptococci which have a low majority thermal death point: (the 
temperature at which a majority of the bacteria are killed), but 
among which a few cells are able to survive the pasteurizing tempera- 
ture. This ability of a few bacteria may be owing to certain resist- 
ant characteristics peculiar to them or may be caused by some pro- 
tective influence in the milk. (2) Streptococci which have a high 
majority thermal death point, and which, when such is the case, sur- 
vive because this point is above the temperature of pasteurization. 
This ability to resist destruction by heating is a permanent charac- 
- teristic of certain strains of streptococci. 

It is evident that certain varieties of streptococci are able to survive 
pasteurization, while others are probably always destroyed. Numer- 
ous investigators have studied the thermal death point of streptococci 
isolated from patients having septic sore throat and have found that 
the organism was destroyed by pasteurization at 145° for 20 minutes. 
These results, together with the protection which proper pasteuriza- 
tion seems to afford against epidemics of that disease caused by milk 
supplies, indicate that the varieties of streptococci associated with or 
responsible for the disease are among the varieties which have a low 
thermal death point. 

In a similar study (11) of the ability of colon bacilli to survive 
pasteurization it was found that certain strains could survive pas- 
teurization at 145° F. for 30 minutes. On examining 174 cultures of 
colon bacilli it was found that at 140° F., the lowest pasteurizing tem- 
perature, 95 cultures survived; at 145° F., the usual temperature for 
pasteurization, 12 survived. In each case the heating period was 30 
minutes. Considerable variation was observed in the thermal death 
point of the colon bacilli which survived at 145° F. When the cul- 
tures which withstood the first heating were again heated it was 
found that many did not survive, and in each subsequent heating 
different results were obtained. Colon bacilli have a low majority 
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thermal death point and, on account of the survival of a few cells, 
survive the pasteurizing process. 

The colon test as an index of the efficiency of the process of pasteur- 
ization is complicated by the ability of certain strains to survive a 
temperature of 145° F. for 30 minutes and to develop rapidly when 
the pasteurized milk is held under certain temperature conditions 
which might be met during storage and delivery. Consequently the 
presence of a few colon bacilli in pasteurized milk under ordinary 
market conditions does not necessarily indicate that the milk was not 
properly heated. The presence of a large number of colon bacilli 
immediately after the heating process may, however, indicate 
improper treatment of the milk. 

If milk is pasteurized at a temperature of 150° F. or above for 
30 minutes, it is not to be expected that any colon bacilli will survive; 
consequently under such conditions the colon test for the effectiveness 
of pasteurization may be of value. It must be remembered, however, 
that a study of more cultures may reveal strains of colon bacilli that 
are able to survive this or even a higher temperature. 


MODERN THEORIES OF PASTEURIZATION. 


Pasteurization at present is looked upon with favor by medical 
men, sanitarians, dairymen, and consumers, but the art has not been 
developed without opposition, and even now its value is not univer- 
sally accepted. Most of the objections to pasteurized milk have been 
based on theory or on experiments in which the milk was pasteurized 
at high temperatures and in view of our modern theories are of no 
great importance. 

One of the greatest objections to pasteurized milk has been that the 
heating destroyed the lactic-acid bacteria and that putrefactive organ- 
isms were left, which, when relieved from the restraining action of the 
acid-forming bacteria, would develop, forming toxins and putrefac- 
tive products (12). It was believed that the milk, because it was not 
sour, would be consumed in that condition. This objection was based 
on experiments in which milk was heated to temperatures near the 
boiling point and can not be applied to milk pasteurized at low tem- 
peratures. From the results of seven years’ work in the Dairy Divi- 
sion on commercial pasteurized milk it has been found that such milk 
sours, as raw milk does, but that the souring is delayed. Pasteuriza- 
tion for 30 minutes at temperatures of about 145° F., as is generally 
practiced in this country, does not destroy all the lactic-acid organ- 
isms, and those which survive play an important role in the souring 
of commercially pasteurized milk. 

Another objection to pasteurized milk has been that bacteria grow 
faster in it than in raw milk. In spite of several experiments which 
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seem to prove this point, it has never been thoroughly established. It 
has been found that the rate of bacterial increase is approximately 
the same when the comparison is made between raw milk and pas- 
teurized milk having about the same bacterial content. 

It is often stated that pasteurization, even if it does destroy bac- 
teria, does not destroy poisonous products of their growth. This 
can hardly be considered a real objection, for if they are present in 
raw milk they must be consumed with it, and if pasteurization does 


not destroy them the pasteurized milk would be no worse than the 


raw milk. 

The question as to whether pasteurization destroys beneficial enzyms 
is still an open one. In the light of our present knowledge of the 
enzyms in milk and the part they play in the digestive process it is 
quite impossible to settle the question of their importance. It is 
evident, however, that the low temperatures now in use in pasteuriza- 
tion have little effect on the commonly recognized enzyms. 

The opponents of pasteurization have raised an objection on the 
ground of its direct influence on the milk producer. It has been 
asserted that pasteurization would cause lax methods of production 
on the farm, for the reason that farmers would know that the milk 


was to be pasteurized and, therefore, they could be careless in its | 


production. There seems to be some basis for this objection, but in 


~ any city where there is any inspection of the raw-milk supply the 


same inspection can and should be continued even though the milk 
is to be pasteurized. 

From a chemical standpoint serious objections have been raised 
against pasteurized milk, because the heating produces changes which 
render the milk less digestible, particularly in the case of infants. 
As has already been stated, however, Rupp has found that milk 
pasteurized at 145° F. for 30 minutes does not undergo any appre- 
ciable chemical change. He found that soluble phosphates do not 
become insoluble, that the albumin does not coagulate, and that when 
higher temperatures are used chemical changes do occur. He also 
develcped the fact that 5 per cent of the albumin is rendered in- 
soluble in milk heated for 30 minutes at 150° F., while at 160° F. 
30.78 per cent of the albumin is coagulated. It is evident that the 
use of low temperatures for pasteurization overcomes any objections 
which may be raised on the ground of chemical changes. 

Further evidences that low-temperature pasteurization does not 
injure the digestibility and nutritive value of the milk is shown by 
the results of feeding experiments on babies. According to Weld (13) 
a number cf babies that were fed raw milk and pasteurized milk 
showed only a slight difference in the average net daily gain in 
weight during the feeding period. The slight difference was in favor 
of pasteurized milk. 
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High-temperature pasteurization of earlier days must not be con- 
fused with low-temperature pasteurization of the present day. Many 
of the objections which have been raised to pasteurization have been 
founded on the observation of milk heated to high temperatures. 
Unfortunately, not until recently has the use of low temperatures 
entirely changed our views in regard to the value of pasteurization. 
The fallacy of the objections to pasteurization has been shown, how- 
ever, through scientific research in the past few years, and as a 
result the value of the process has been firmly established. 


THE NECESSITY FOR PASTEURIZATION. 


Although pasteurization is being more extensively practiced in 
most cities, particularly the larger ones, there are health depart- 
ments in some of the smaller cities which are strongly opposed to the 
process; there are also many people who object to it. The problem of 
pasteurization is not based simply on the question of which is prefer- 
able, raw or pasteurized milk, but rather upon the most economical 
and practical way of producing a safe milk supply. In small cities 
where money enough is available to pay for inspection, and where the 
milk supply is drawn from farms within a short distance of the city, 
it may be feasible, without pasteurization, to bring the supply to a 
point of reasonable safety. To produce, however, the same degree of 
safety in the supply of a large city by inspection would involve a 
tremendous expense. 

Let us consider for a moment the supply of New York City, which 
in 1912 amounted to about 2,500,000 quarts daily. This milk came 
from 44,006 farms in six States, and was the product of about 
350,000 cows. Some of it had to be transported 400 miles or even 
more. It was estimated that 127,000 people were engaged daily in 
handling the milk supply of that city. It is hardly necessary to 
discuss the magnitude of a system of inspection suitable to guarantee 
a safe milk supply of this size. 

There is, of course, in the large cities a small quantity of high- 
grade raw milk, but it is produced under special conditions and sells 
at a higher price than regular milk. The cost of such milk makes it 
prohibitive for use in poor families. The means of creating a safe 
milk supply for general consumption, especially for large cities, is, 
then, in inspection, developed to the highest practical degree, fol- 
lowed by proper pasteurization. 

It seems probable that within the next few years a large propor- 
tion of the milk supply in American cities will be pasteurized. This 
condition will come first in the larger cities, where the safeguarding 
of the milk supply is a more difficult problem. For economic rea- 
sons, and in recognition of the process as a means of eliminating 
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certain risks which can not be completely eliminated in any other 
way, the pasteurization of milk is certain to be the general practice 
in this country. 

The greatest feature of the process of pasteurization, properly 
performed, is that while no valid objections can be raised against the 
process, it causes an additional degree of safety in milk produced and 
handled even under the most effective system of inspection. 
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OBJECT OF THE BULLETIN. 


This bulletin presents the results of tests on (a) the grinding of 
steamed or cooked spruce for mechanical pulp and (b) the results 
of tests on a number of American woods to determine their suit- 
ability as substitutes for spruce in the manufacture of ground-wood 
pulp.:_ If the price of news-print paper is to be kept at a reasonable 
figure, more efficient methods of converting spruce into pulp must 
be developed or else a cheaper wood substituted for the former. 
The results of experiments meant to develop greater efficiency in 
the grinding of uncooked spruce have already been presented in 
Forest Service Bulletin 127, ‘‘The Grinding of Spruce for Mechanical 
Pulp.” That bulletin also discusses the influence of the many 


1 Acknowledgment is made to Mr. C. P. Winslow, Mr. Henry E. Surface, and Mr. S. D. Wells, engineers 
in forest products, and to Mr. S. E. Lunak, assistant chemist in forest products, Forest Service, for aid in 
the preparation of this report. Acknowledgment is also due Messrs. G. F. Steele, W. G. McNaughton, 
and L. M. Alexander, of the Nekoosa-Edwards Paper Co., and Mr. D. C. Everest, of the Marathon Paper 
Mills Co., for assistance rendered during the tests; also to Mr. C. W. Knapp, of the St. Louis Republic, 
and to Messrs. P. W. Schaeffer and E. D. De Witt, of the New York Herald, for providing the presses 
upon which the experimental papers were tried out. The maps in this bulletin showing the range of 
the various tree species were prepared in the Forest Service by Mr. William H. Lamb, assisted by Miss 
Georgia Wharton. 


Notre.—This bulletin contains valuable information as to the use of various species of wood in the manu- 
facture of paper and is of interest to manufacturers and users of paper. 
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variable conditions in the manufacture of mechanical pulp, such 
as surface of stone, pressure with which the wood is forced upon it, 
peripheral speed, temperature of grinding, etc. Since the conclusions 
reached in regard to these are applicable to the production of pulp 
from coniferous woods in general, it is advisable to have a copy of 
Bulletin 127 at hand when reading the present one.! 

All the tests described in this flea were carried on at the Forest 
Service ground-wood laboratory at Wausau, Wis., a branch of the 
Forest Products Laboratory, Madison, Wis., in cooperation with the 
American Paper and Pulp Association, which furnished all the 
pulp-making equipment for the laboratory, and with an advisory 
committee consisting of Messrs. G. F. Steele, chairman, and W. G. 
McNaughton, secretary, Nekoosa-Edwards Paper Co.; D. C. Everest, 
Marathon Paper Mills Co.; W. L. Edmonds, Wausau Paper Mills 
Co.; A. M. Pride, Tomahawk Paper Co.; and William Eibel, Rhine- 
lander Paper Co. 


PRESENT STATUS OF THE GROUND-WOOD INDUSTRY. 


Thirty-five to forty-five years ago news paper was made almost 
entirely of rags. Upon the introduction of the sulphite process of 
wood-pulp manufacture varying amounts of that product were 
added to the rag pulp, and later ground wood was made a part of 
the mixture, but only in small quantities. Ground wood was for 
many years nothing more nor less than a filler and not expected to 
add any strength to the sheet produced. There is shown in figure 1 
the average contract price (f. o. b. mill) of news-print paper from 
1874 to 1912. The effect of the introduction of the cheaper processes 
is evident. 

In 1870 there were only 8 establishments reported which made 
ground wood, and the product manufactured during that year was 
valued at $172,000. Ten years later, in 1880, 50 establishments 
produced $2,257,000 worth of ground wood. In 1890, 82 establish- 
ments reported products valued at $4,628,000. In 1900 there were 
91 plants reported, which produced 280,520 tons of ground wood 
for sale, and 77 mills which produced 306,520 tons of pulp for their 
own use, a total of 168 mills, producing 586,000 tons, valued at 
approximately $9,300,000. In 1909 there were produced a total of 
1,179,266 tons of mechanical pulp. Of this amount 310,747 tons 
were manufactured for sale or consumption in mills other than where 
produced, the value being $5,649,466. The remainder, 868,519 tons, 
assumed to have the same value of that made for sale, was worth 
approximately $15,780,000, or a total value of product of $21,430,000. 


1 Copies of Forest Service Bulletin 127 may be procured from the Superintendent of Documents, Wash- 


. ington, D.C., for 15 cents each. 


In 1911, 1,229,719 tons of mechanical pulp were produced, an increase 


of approximately 50,000 tons. 
While the industry has developed very rapidly in the United 
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States, the rate of development has not kept pace with the rate of 


consumption of the product. This is evident from a consideration 
of the imports and exports of both mechanical and chemical pulp 
over a period of years, as shown in figures 2 and 3. Figure 2 shows 
the imports of mechanical pulp, both free and dutiable, by months 
for a period of years, while figure 3 (curve B) shows the imports of 
mechanical pulp by years. The first of these curves is particularly 
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Fic. 1.—Average contract prices for news-print paper 1878-1912. 


interesting, because it shows the seasonal fluctuation of imports. 
Figure 3 (curve A) shows the imports and exports of wood pulp, 
both mechanical and chemical. The increase in the amount of pulp 
imported is very marked, while the exports are comparatively small. 
It is evident from these curves that considerably more pulp will have 
to be manufactured at home before there can be any material expan- 
sion into the export trade. 

Spruce furnishes by far the greater part of the wood at present 
used for mechanical pulp. Of the 1,314,141 cords consumed in the 
United States by the mechanical process in 1911, spruce supplied 
1,121,703 cords, or 85 per cent, 822,743 cords of which were native 
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wood and 298,743 imported. Of the 4,328,052 cords of wood used 
in the United States in 1911 for pulp of all kinds, spruce furnished 
2,505,730 cords, or 57 per cent. 
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The annual consumption of spruce in this country for all purposes 
is something like 2,575,000,000 board feet. The available stand east 
of the Rocky Mountains was estimated in 1907 to be 35,000,000,000 
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feet, with an annual increment due to growth of 770,000,000 feet. 
While it is probable that the maximum annual consumption of spruce 
for lumber has been reached, and that that for pulp wood will scarcely 
go much higher, it is nevertheless clear that with the maintenance 
of anything like the present annual consumption the spruce forests 
of this country are threatened with exhaustion. Nor is it likely that 
the American consumer of spruce wood will be able to draw to what- 
ever extent he wishes upon the Canadian supply. In 1900 the 
Province of Ontario prohibited the exportation of unmanufactured 
wood cut on Crown lands within the Province, and later the Provinces 
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Fic. 3—Imports and exports of wood pulp, 1901-1913, inclusive. 


of Quebec (1909) and New Brunswick (1911) passed similar legisla- 
tion. Further restrictive measures regarding the exportation of 
unmanufactured wood will undoubtedly be taken by Canada if the 
need arises. 

The rise in the price of spruce over the 10-year period from 1900 to 
1909, inclusive, reflects a steady increase in the consumption of 
mechanical pulp and a decrease in the available supply of the wood. 
In 1900 the average cost of spruce used for pulp-making purposes in 
the United States was $4.28 per cord for domestic and $6.50 per cord 
' for imported material. In 1909 the average price for domestic spruce 
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had risen to $8.32 per cord, and for imported to $11.34 per cord. 
During the same 10-year period the average cost of manufacturing 
ground-wood pulp increased from $10.84 per ton to $16.58, by far 
the greater part of this increase being due to the greater cost of the 
wood used. ‘Thus the manufacturer of mechanical pulp is faced with 
a steady increase in the cost of his raw material, and one which 
promises to continue if he must rely almost wholly upon a single 
wood. The great bulk of mechanical pulp produced is used in the 
manufacture of news-print paper, and the problem which presents 
itself is whether woods other than spruce can be used for the purpose. 
It was to answer this question, at least in part, that the experiments 
described in this bulletin were undertaken. 


PRESENT METHODS OF MANUFACTURE. 


The present method of manufacturmg ground-wood pup has been 
in use for a long time. Since 1867, when the mechanical process was 
first introduced into this country, principles and methods have 
changed but slightly. The size and capacity of the grinders have 
been increased and the raw material changed from poplar to spruce, 
but otherwise the industry is followimg its first limes. As in any other 
industry, however, details of manufacture differ in different mills. 
Of two mills producing news-print paper, for example, one uses 
135 horsepower to the grinder, the other 625. One employs a grinder 
cylinder pressure of 17.5 pounds per square inch; the other, with a 
cylinder of the same size, a pressure of 72 pounds. One runs at a 
peripheral speed of 2,660 feet per minute, the other at a speed of 
3,540 feet. Such details of operation may differ among mills pro- 
ducing the same kind of paper even more widely than those just cited. 
Reports of power consumption show a range of from 31 to 135 horse- 
power per ton in 24 hours. The first value is undoubtedly wrong, 
since it has been demonstrated experimentally that such a low power 
consumption is impossible with the present grinding equipment. 

Upon its receipt at the mill the wood is either stored for a con- 
siderable time in the yard or else is ponded. Before storage the wood 
is sometimes cut into 2-foot lengths, or in other cases is rossed. 

The grinders ordinarily take a pulp-stone approximately 54 inches 
in diameter by 27 inches face. Some stones recently installed are as 
large as 60 inches in diameter and 48 inches face. Up to a few years 
ago natural quarried stones were the only kind used in the grinding 
process, but many mills are now experimenting with artificial stones. 
The grinding is usually carried on under conditions of high tempera- 
ture brought about by admitting only small quantities of water to 
the pit of the grinder. In the cold-grinding process, which is some- 
times used in the United States and very largely adhered to in Europe, 
an excess of water prevents any heating. 
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Upon leaving the grinder a large supply of water 1s added to the 
pulp, and the mixture is then screened. If it is to be shipped over a 
long distance, the pulp is run into laps by means either of wet 
machines or of hydraulic presses. Occasionally the pulp is dried on 
steam driers and run into rolls. When pulp is used where it is pro- 
duced, except for the need of storing to provide a supply in times of 
low water, it is thickened by means of feltless wet machines or deckers 
and immediately manufactured into paper. 

In the last few years a magazine pulp grinder has come into use, 
equipped with two pockets which are filled automatically from the 
magazine. The machine, however, has not been operated in this 
country to an extent which would enable a judgment to be formed 
regarding its efficiency and economy. 


Part I—THE GRINDING OF COOKED AND UNCOOKED 
SPRUCE. 


EQUIPMENT USED IN THE EXPERIMENTS.‘ 


APPARATUS FOR COOKING. 


Cooking treatments prior to grinding were carried on in a cylin- 
drical closed steamer 3 feet in diameter by 8 feet high, designed for 
75 pounds’ working pressure. The ‘‘steamer” was fitted with steam, 
water, and vacuum connections and the necessary gauges and ther- 
mometers for determinations of pressure and temperature. An open 
steamer 6 feet wide, 8 feet long, and 3 feet deep was also available 
for cooking treatment at atmospheric pressure. 


ELECTRICAL EQUIPMENT. 


In order to satisfactorily vary the conditions of grinding, secure 
adequate data on power consumption, and maintain the speed con- 
stant, it was necessary to install a rather complex system of electrical 
drive and control for the grinder. The method of speed regulation 
was known as the Ward Leonard system, and by its means a very 
flexible arrangement was secured. 

The installation consisted of a motor generator set of 460-kilo- 
volt-amperes full-load capacity and a direct-current, variable-speed 
motor having a full-load capacity of 500 horsepower at 300 revolu- 
tions per minute. With the overload capacity it was possible to 
secure fully 75 per cent more power than the rating from each of the 
machines. 

Three-phase 60-cycle electric power was applied to the synchronous 
motor of the motor generator set at 2,300 volts. The generator of the 
motor generator set was separately excited and by means of a rheostat 


1 A more detailed description of the equipment of the Forest Service laboratory at Wausau, Wis., is 
given in an unnumbered publication of the Forest Service, ‘‘Experiments with Jack Pine and Hemlock 
for Mechanical Pulp.” 
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in the field circuit direct current could be generated at any desired 
voltage from 100 to 700 volts. The direct-current motor connected 
to the grinder was also separately excited and the speed of rotation 
controlled by regulating the voltage applied to the armature, the 
voltage control being brought about by variation of the field current 
of the direct-current generator. The speed of the grinder motor 
could be varied from 100 revolutions per minute to 300 revolutions 
per minute, the capacity with overload at the same time varying 
from approximately 340 horsepower to 750 horsepower. 

The efficiency of the direct-current motor could be determined very 
readily by means of curves showing the stray power and heat losses 
at different speeds and current loads and knowledge of the power 
supplied to the motor. The latter data were obtained by means of 
accurately calibrated indicating and recording electrical instruments. 

The various pieces of apparatus used in the manufacture of the 
pulp were driven by individual direct-connected motors. The appa- 
ratus for wood preparation, 40-inch swing saw, and “‘Green Bay” 
barker, together with the wet machine vacuum pump, were driven. 
from a single-belted motor. Some of the individual motors were of 
the variable-speed type, and as a result the pieces of apparatus to 
which they were connected could be driven at the most effective speeds. 


PULP MACHINERY AND AUXILIARY EQUIPMENT. 


All of the pieces of machinery installed in the Wausau laboratory 
were of commercial size and design and were loaned either by manu- 
facturers or others interested in the work being carried on. 

The grinder was built by the Friction Pulley and Machine Works. 
It took a stone 54 inches in diameter by 27-inch face and had three 
14-inch cylinders. Each cylinder was provided with a pressure gauge 
and the water was supplied by two triplex pumps. The pressure at 
which the water was pumped was regulated by relief valves; pressures 
as high as 120 pounds per square inch could be obtained. 

A recording thermometer gave a record of the temperature in the 
erinder pit. From the grinder pit the pulp was passed through a 
mechanically agitated sliver screen, then pumped to a storage tank 
by means of a 5-inch centrifugal pump, and from there pumped to a 
centrifugal screen. A variable-speed motor direct connected to the 
screen made it possible to obtain speeds of rotation from 400 to 600 
revolutions per minute. Throughout the tests, however, the speed 
was maintained at 500 revolutions per minute. The plate in the 
centrifugal screen was perforated with holes 0.065 inch in diameter. 

The tailings from the centrifugal screen were rescreened through a 
12-plate Harmon diaphragm screen, the plates used being the Union 
Screen Plate Co.’s type B, cut with 0.012-inch slots. 
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The screened pulps from the centrifugal and the flat screen were 
united and run out on an Improved Paper Machinery Co.’s 3-roll 
hydraulic wet machine. The white water from the wet machine was 
pumped back to the sliver screen of the grinder by means of a 4-inch 
centrifugal pump. White water from the felts was run to the sewer, 
as was also the white water from the felt suction. 


PAPER-MAKING EQUIPMENT. 


Portions of the pulps secured from experimental runs were sent to 
the Forest Products Laboratory at Madison to be runinto paper. The 
apparatus available for the purpose when the earliest tests were made 
consisted of a pulp shredder, 12-pound Emerson beater, 2-plate flat 
sereen slotted with 0.012-inch slots, and a 12-inch Fourdrinier paper 
machine. Later a Noble and Wood’s jordan engine was added to the 
equipment. This was used only, however, in the preparation for the 
paper machine of pulps made from miscellaneous woods. The stock 
which was run on the machine in carrying on series tests to determine 
the effect of variable grinding conditions on the strength of pulp 
was not jordaned. 


METHODS EMPLOYED IN EXPERIMENTAL TESTS. 


PREPARATION OF WOOD. 


All of the wood received at the laboratory was stored on skids in 
the yard and in most cases allowed to season before being used. It 
was received in several different forms; some cut from very large 
trees was split before shipping; some was rossed in the woods; but the 
greater part was in the form of round rough logs varying from 4 to 14 
inches in diameter. The wood for test was sawed as required into 
2-foot sections and barked, samples being taken for the determination 
of moisture and dry weight per cubic foot. The amount desired for 
the test was weighed and the diameter of each piece was measured. 
Tests were conducted as soon as possible after the wood was prepared 
and weighed. 

In some cases it was necessary to remove knots before grinding, 
especially when the knots were likely to cause dirt in the pulp. This 
procedure was more often required for jack pine and aspen than for 
other woods. 

In case the wood was to be treated it was piled in the steamer after 
having been carefully weighed. Depending on the conditions of the 
cook, the pressure was maintained constant at the desired value for 
different lengths of time. Cooks were made at steam pressures of 
from 5 to 75 pounds per square inch and for different lengths of time, 
from 1 to 12 hours. In some cases the wood was steamed and the 
condensation was drawn off as it formed; in others, the wood was 
immersed in water and boiled at different steam pressures, the 
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condensation being blown off as soon as the temperature fell below 
that corresponding to the steam pressure in use. In some cases, 
after cooking the required length of time, the charge was allowed to 
stand until it had absorbed a large amount of water. After unload- 
ing, the wood was weighed and then ground as soon as possible. In 
several instances samples were taken after cooking and the bone-dry 
weight and the moisture were determined. 


GRINDING. 


Before starting the test the desired surface was placed on the stone 
by means of a mechanically controlled burr or bush roll. The stone 
was then washed until free from loose sand and an impression of the 
stone was taken by means of carbon and coated paper. (See Forest 
Service Bulletin 127.) The grinder pockets were filled, the pressure 
adjusted to the correct value, the recording instruments were placed 
in operation, and the test was then started. 

The speed and pressure were maintained as constant as possible 
throughout each test. Pocket binding was eliminated by the con- 
stant observation of power applied to the grinder, a falling off in power 
consumption with pressure on indicating binding. When a piston 
was raised, instead of allowing the speed to increase, it was held con- 
stant by regulation of the voltage on the motor armature. 

In series tests in which the surface of the stone was not altered, 
but the speed, pressure, or temperature were, the data secured may be 
more or less open to criticism, since the surface undoubtedly changed 
slightly from one test to another. However, this change was very 
slight.!. Likewise, in short tests it was impossible to heat up the 
stone thoroughly and here also a very slight error was introduced.' 

During the tests readings were taken of power, speed, pressure, 
temperature, and the like, the intervals of reading being 15 minutes 
in most cases, although 5-minute intervals were sometimes employed. 


LOSSES IN CONVERSION. 


While it is highly desirable that the losses occurring in the barking 
of different woods be determined, it was impossible to investigate 
this point satisfactorily. Only small amounts of wood were used, in 
some cases not more than 8 cords, and determinations on such small 
amounts would not yield reliable results. 

The amount of wood used during any test and the amount of wet 
pulp manufactured was accurately determined by weighing. Moist- 
ure samples were taken of both the pulp and the screenings and the 
bone-dry weight of each determined. In some cases the amount of 
wood fiber in the white water was secured by measuring the amount 


1 This point is discussed in more detail in Forest Service Bulletin 127, ‘‘The Grinding of Spruce for 
Mechanical Pulp.’’ 
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of white water used and determining the wood fiber in a sample of it. 
This proved rather unsatisfactory, and was discontinued on account 
of the difficulty in removing the wood fiber from the white water 
sample. 

The yield of pulp has been calculated to a basis of 100 cubic feet of 
solid rossed wood, this factor being thought more satisfactory and 
accurate than a measured cord, and representing approximately the 
solid content of a piled cord of 2-foot rossed wood containing 128 
cubic feet. 

TESTS ON THE PAPER. 

The sample of pulp to be run into paper was first shredded and the 
moisture determined. The required amount was then weighed out 
and mixed and beaten with a weighed amount of bleached spruce 
slow-cook sulphite. In some runs, particularly those made on some 
of the pulps made from cooked woods, the sulphite was dispensed 
with. The mixture, usually 20 per cent sulphite to 80 per cent 
ground wood, was beaten until the fibers were separated, generally 
about 1 hour. The stock was then run out on the paper machine 
and an uncalendered sample was taken for strength and color tests. 

No size, color, or loading was added to any of the sheets, the desire 
being to present the pulps made from different woods and under 
different conditions in as nearly comparable conditions as possible. 

The uncalendered samples of paper were tested for tensile strength, 
lengthwise and crosswise, by means of a Schopper breaking length 
tester, and for bursting strength by means of a Mullen tester. The 
color tests were made with an Ives tintphotometer and measure- 
ments were made of the thickness of the sheet and weight per ream. 


EFFECT OF PRELIMINARY TREATMENT OF SPRUCE. 


Spruce has been used for many years as a raw material for ground- 
wood pulp, but the effect of the production of pulp from it under 
varying conditions has never been given very carefulstudy. Depend- 
ing on the quality of the product desired, different conditions of 
grinding must be selected, and in some cases the wood must even be 
given a cooking treatment prior to grinding. In the manufacture of 
container board, where great strength is desired and the color is of 
lesser consequence, strength is often increased by the addition of 
sulphite or sulphate pulp, screenings, or old paper stock. In the 
manufacture of news print paper, strength is desired too, but not 
nearly so much strength, the color, yield, and finishing characteristics 
here being the prime consideration. The work which has been done 
on spruce has been carried on with the idea of attempting to increase 
the efficiency of grinding both from the standpoint of reducing the 
power consumption and increasing the yield from a cord of the raw 
material in either the cooking or ordinary ground-wood process, and 
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to ascertain the influence on the quality and quantity of pulp pro- 
duced by the variation of the grinding variables, such as surface of 
the stone, pressure on the cylinders, speed, temperature, etc. 

The cooking of wood prior to grinding is attended with a number of 
changes in the physical characteristics of the wood which greatly 
influence the quality of the pulp manufactured from it. The cooking 
condition must be chosen according to the use to which the pulp is to 
be put. For the manufacture of news-print paper from pitchy woods 
it is essential that the treatment be a very mild one, and that the 
duration of boiling or steaming and the temperature at which it is 
carried on be such as to allow of the fiber being as light in color as 
possible. Either the pressure, or corresponding temperature, must 
be low and the cook of long duration, or the pressure higher and the 
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Fic. 4.—Effect of steaming pressure on color of pulp (average values of several runs on spruce). 


cook of much shorter duration. It is generally claimed that cooking 
the wood under pressure while immersed in water will yield a lighter 
pulp than steaming at the same pressure and for the same length of 
time, but this result has not been noted. 

Boiling wood has certain disadvantages which are not found when 
the steaming process is used. There is a considerable loss of heat, 
and it is necessary to draw off condensed liquors to maintain the 
temperature at any desired value. This makes it necessary to pay 
greater attention to the process. If the temperature and duration 
of the cook are the same, the steamed or boiled wood should be prac- 
tically the same in color and other physical characteristics. One 
decided advantage of steaming is the possibility of draining off the 
condensed liquors in a concentrated form. This is of great benefit 
when by-products are to be recovered. 


GROUND-WOOD PULP. 13 


In all of the experiments conducted in cooking wood prior to grind- 
ing, the temperature corresponded to the temperature of boiling at the 
steam pressure under which the cook was being made. Attempts 
were made to secure by-products, but the amounts of wood used were 
so small that this could not be done satisfactorily. 


INFLUENCE OF PRESSURE, TEMPERATURE, AND TIME OF COOKING. 


When the length of time of the cook is kept constant and the cook- 
ing pressure or temperature is varied, it is found that the color of the 
pulp made darkens greatly when these factors are raised, all other 
conditions being the same. This is demonstrated by reference to the 
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HOURS - STEAMING 
Fic. 5.—Effect of duration of steaming on color of pulp. (Average values of several runs on spruce.) 


curves in figures 4 and 5, where the amount of black in the color as 
determined by a tintphotometer is plotted against the cooking pres- 
sure and temperature. At some steam pressure the wood will char 
and the resultant pulp will be black; under this condition a maximum 
of 300 parts black would be secured. Itis probable that this steam 
pressure would not be very high, since the values of parts of black 
increase rapidly after 60 pounds pressure is reached. 

The strength of the pulp increases with the length of the steaming 
period (fig. 6) and seems to reach a maximum in about 8 hours for 
both pressures. In figure 7 is shown the variation of the yield of pulp 
per 100 cubic feet of solid rossed wood, with the pressure of steaming 
and the duration of the cook. The marked effect of the duration of 
the cook, especially at high pressure, is evident. The yield decreases 
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rapidly with increased pressure due to the dissolving action of the 
water and the transformation of portions of the wood into water 
soluble material which is washed out in the grinding process. 
Variation of the period of cook also has a marked influence upon the 
horsepower consumption per ton of pulp. When wood is ground 
under the same conditions of grinder pressure, speed, temperature, etc., 
it is found that after a period of four to six hours of cooking the 
maximum value of power consumption is obtamed. For a greater 
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Fig. 6.—Effect of duration of steaming upon the strength of the pulp. (Spruce runs 199-209, inclusive.) 
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or lesser length of time of cooking the horsepower consumption per 
ton decreases (fig. 8). 
OTHER FACTORS. 


The variation of the yield of pulp from 100 cubic feet of solid wood 
with the duration of cook and temperature of cooking has been pointed 
out. It would seem that most of the loss would occur in the cooking 
process itself, but determinations of the amount of bone-dry wood 
charged to the cooker and the amount of bone-dry material taken 
from it after steaming shows that the loss in cooking as volatile 
materials and water-soluble substances which leach out when the 
wood is in the 2-foot lengths is remarkably low, being from 5 to 8 per 
cent. It appears that the great loss which takes place in the produc- 


- 


tion of steamed wood pulp occurs in the grinding process, either due to 
the dissolving of material which has been converted to a soluble state 
or the grinding of the softer portion of the wood—the springwood— 
to flour and the subsequent loss of it in the white water. There is a 
characteristic odor of burned sugar during the steaming of wood, and 
possibly some of the wood fiber is converted into sugar. 

The condensed liquor from the steamer has a very corrosive action 
on the iron and it is possible that in order to satisfactorily protect 
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Fic. 7.—Effect of duration and pressure of steaming on the yield of pulp. (Spruce runs 103 to 107 and 114 
to 119, inclusive.) 
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the metal it might be desirable to add small quantities of sodium 
carbonate to the water when the boiling process is used. This, of 
course, would not apply when the wood is steamed. 

The liquors which condense during the steaming of the woods 
may have considerable commercial value, particularly when resinous 
woods are used. The equipment employed in the Wausau laboratory 
was not of sufficient capacity to make it possible to study this 
problem carefully, but an indication of the nature of the condensed 
liquor can be obtained from the following analyses of material 
secured from a mill steaming wood commercially, in which case 
approximately 5 cords of wood were used for each charge. Un- 
fortunately no means were available for measuring the total condensed 
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liquor, and for that reason the amount of the materials can not be 
expressed in quantity per cord. ~— ° 

It will be noted that two samples were analyzed, one of which was 
a residue from evaporation of a condensed liquor and the other a 
sample of the liquor from another cook. The woods steamed were a 
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Fic. 8.—Effect of duration of steaming on power consumption per ton of pulp. (Spruce runs 114-119, 
inclusive.) 
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mixture of jack pine and tamarack m the ratio of 67 per cent of the 
former to 33 per cent of the latter. 


Residue Residue 
from evapo-| Sample from evapo-| Sample 
ration of | of liquor. ration of | ofliquor. 
liquor. liquor. 
Per cent. | Per cent. Per cent. | Per cent. 
Motal’solids#326 Bees es aye eee cee 2505 ()[wAShe3 Yeas a Bu Se Bt 9.85 0.049 
Soluble solids.......---..--. 70. 10 1.95 || Acetic acid (total)........-- onal! . 162 
Reducing sugars.-.....-----. 15. 89 83 one ata Giobal) ee a 1.41 042 


TM aa wavs} a ee eM 13. 60 0923] MNTOIS CUE aes eens eee eee ee 4.31 97.95 


The total and soluble solids and tannin wére determined accord- 
ing to the methods outlined by the American Leather Chemists’ 
Association. 

The boiling or steaming of woods resuits in the formation of a 
natural size from the wood substance or some of its constituents. 
This sizing action is particularly noticeable in the production of 
pulps from the hardwoods—hirch and aspen—which are not pitchy. 
All paper produced from cooked woods, pulped by the mechanical 
process, show the characteristic water-resistance qualities and hard- 
ness of hard sized papers, 
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Tests on papers made from steamed and unsteamed woods show 
that the unsteamed pulps do not give as high percentage stretch 
as the steamed, even though the unsteamed pulps were mixed with 
20 per cent of bleached spruce sulphite. Pulps made from cooked 
woods should be given satisfactory beating treatments to make them 
usable for different purposes. Like chemical pulp, there is a marked 
influence on the resultant paper when the pulps are given different 
beating treatments. The sheets become more brittle after a pro- 
longed beating, but give high strength tests. 


THE EFFECT OF GRINDING STEAMED AND UNSTEAMED WOODS UNDER 
VARIABLE CONDITIONS. 


SURFACE OF STONE. 


There is shown in figure 9 a series of curves on steamed and un- 
steamed woods which were conducted on different surfaces of stone. 
It is evident that the horsepower consumption per ton when steamed 
wood is used decreases to a minimum value at a grinder pressure of 
approximately 65 pounds per square inch on a 14-inch cylinder, 
regardless of the surface which is used. The contrast in the form of 
the curves for steamed and unsteamed wood is shown in this same 
figure. Curves 2 and 3 were run under exactly the same conditions, 
except that in one case steamed wood and in the other unsteamed 
wood was used as a raw material. 

Upon the condition of the surface of the pulp stone depends, to a 
great extent, the power consumption per ton of pulp made, the rate 
of production, and the quality of the resultant material. The pulp 
stone used in the tests was burred in many different ways, and it 
was generally found that if the grit were brought to the same con- 
dition of sharpness, the power consumption, rate of production, and 
quality of pulp would be practically the same. When the stone is 
rough but the sand particles are not sharp, a coarser pulp is produced 
which acts more free on the wire of the paper machine. It was also 
found that regardless of the degree of sharpness of the stone it was 
impossible to obtain pulp for news print if the expenditure of power 
remain 50 horsepower per ton. 

Figure 10 shows by curves obtained at different pressures the 
relation of three different surfaces of stone to the power consumption 
per ton, power to the grinder, and production in 24 hours. These 
typical curves show how greatly the above-mentioned factors are 
influenced by varying the sharpness of the pulp stone. 

Plates I and II show the effect of different degrees of sharpness of 
stone on the quality of pulp produced as represented by the character 
of fibers. Plate I, figure 1, shows the fiber produced on the sharper 
medium grit stone with the consumption of a small amount of power, 

14852°—Bull. 3483—16 2, 
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- ‘HORSEPOWER TO GRINDER 


2. Unsteamed spruce runs 177-181, 


4, Steamed spruce runs 167-171, inclusive. 


1. Steamed spruce runs 182-187, inclusive. 


3. Steamed spruce runs 172-176, inclusive. 


Fic. 9.—Relation of power consumption and rate of production to pressure. 
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degree of sharpness between the above two, and those shown in 


The fibers in Plate II, figure 1, were produced on a stone having a 
figure 2 were obtained on a sharp, coarse grit stone. 
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If a stone of coarse grit is used considerably less dressing with the 
burr is necessary to attain the conditions of a sharp stone. In fact, 
it is difficult to produce a pulp that is not coarse and full of dian. | 
Although a somewhat lower consumption of power per ton of pulp 
is easily obtained, on account of its coarseness the pulp is not satis-§j 
factory from a news-print standpoint. The yield of screenings isff 
much greater, as one would anticipate. As indicated by the Mullen 
tester, the strength of pulp ground on a coarse grit stone is a trifle less ff) 
than when made on a finer grit stone and consuming the same amount 
of power per ton; but when compared as to their respective breaking 
lengths, there is no difference. However, when the wood is steamed 
prior to grinding, a strong pulp may be obtained at lower horse- 


power consumption on the coarse grit stone than on a finer one. ATR 


comparison of the grits of the stones may be obtained by referring to 
Plate ITI, figures 1 and 2. 

In oent a stone of fine grit yields a fine-fibered pulp and a coarse 
stone a shivy and coarse pulp. 


PRESSURE OF GRINDING. 


In any commercial grinder the pressure at which the wood is 
forced upon the revolving grindstone—that is, the pressure per square 
inch of wood surface in contact—varies greatly. The variations 
in pressure are brought about by the binding of the wood in the 
pockets; the grinding of wood of different lengths and diameters; the 
variation of pressure on the grinder cylinder, due to the removal of 
pressure from one or more of the cylinders, and the use of varying 
amounts of split wopd. For any cylinder pressure, however, it is rea- 
sonable to assume that the pressure per square inch on the stone varies 
between certain limits. 

Figure 11 shows the relation of the pressure on the grinder cylinder, 
the horsepower consumption per ton, power to grinder, and production 
in 24 hours, the three curves being obtained on surfaces of different 
degrees of sharpness. It will be noted that with increasing pressure 
the horsepower consumption per ton decreases, and that the horse- 
power to the grinder and production in 24 hours erie at a fairly 
definite rate. 

The yield and quality of pulp produced vary to a feaciderahie 
degree with the pressure of grinding. Finer, although shorter- 
fibered, pulps are obtained when grinding at eee pressure, the 
advantage of the use of higher pressure being that it is possible to 
use a duller stone and obtain finer-fibered pulp with a consumption 
of the same amount of power as would be used at lower pressure and 
sharper condition of the stone. 
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Fic. 1.—SPRUCE MECHANICAL PULP (RUN No. 11). 
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Fic. 2.—SPRUCE MECHANICAL PULP (RUN No. 5). 
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Fic. 1.—MEDIUM GRIT PULPSTONE. 


F—LAB. 9 


Fic. 2.—COARSE GRIT PULPSTONE. ‘ 
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Figure 12 shows the effect of increasing pressure on the yield per 
100 cubic feet of solid rossed wood. ‘There is a material increase in 
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the amount of pulp produced from this quantity of wood if the pres- 
sure of grinding is increased from 20 pounds per square inch on a 
14-inch cylinder to 100 pounds. 
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The effect of pressure on the quality of pulp as indicated by the 
strength of paper made from it is shown in figure 13. The strength 
factor, or bursting strength per square inch divided by the weight per 
ream, decreased with increasing pressure. The decrease in power 
consumption per ton is also shown. 


PERIPHERAL SPEED OF STONE. 


In figure 14 is shown the variation of the horsepower consumption 
per ton, horsepower to the grinder, and production in 24 hours, with 


meee 


PRESSURE ON 14. IN.CYLINDER—LBS.PER SQ.(N. 


2000 2100 2200 2300 
YIELD PER 100 CU.FT.OF SOLID ROSSED WOOD—LBS. 


Fic. 12.—Relation of yield to pressure. (Spruce runs 52 to 56, inclusive.) 


varying speed of pulp stone. The decrease in the power consumption 
per ton from 100 to 250 revolutions per minute when steamed wood 
is used is much greater than when unsteamed wood is ground under 
the same conditions. (See fig. 15.) 

The pressure at which wood is steamed prior to grinding has a 
marked influence on the speed of rotation of the pulp stone necessary 
to consume a certain amount of power when the grinding pressure is 
maintained constant. This is shown in figure 16. The wood was 
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steamed at varying pressures for periods of three and six hours and 
then ground in two pockets of the grinder at a cylinder pressure of 
60 pounds per square inch. The power to the grinder was main- 
tained at 345 horsepower, and it was utilized by adjusting the periph- 


(1) Spruce runs 9-1 to 11 and (2) 6 to 8, inclusive. 
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' STRENGTH FACTOR—POINTS PER LB. 
Fig. 13.—Relation of strength of paper and power consumption to pressure. 
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eral speed of the stone to such a value as was necessary for the sample 
being tested. When wood which had been steamed for 6 hours at 
75 pounds pressure was ground a cylinder pressure of 60 pounds on 
two pockets and speed of 225 revolutions per minute were necessary 
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to consume the 345 horsepower. When the wood was steamed for 
6 hours at 20 pounds, a cylinder pressure of 60 pounds and speed of 
187 revolutions per minute were necessary to use up the power. 
There are shown in figure 17 the relation of horsepower consump- 
tion per ton, horsepower to the grinder, and production in 24 hours 
to the steaming pressure when wood, which had been cooked at differ- 
ent pressures, was ground at constant cylinder pressure and varying 
speed of rotation of the pulp stone. It will be noted that the horse- 
power consumption per ton increases with the speed, corresponding 
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to increase in the pressure of steaming, and this increase is due to a 
reduction in the rate of production of the pulp. 

When wood is steamed for a certain number of hours and at a fixed 
pressure, then ground with a certain amount of power to the grinder 
but under varying speed of rotation of the pulp stone, it is found that 
the horsepower consumption per ton increases in a similar manner to 
that given in figure 18. In other words, at low speed and high pres- 
sure more power is necessary to grind a ton of pulp in 24 hours than 
at high speed and low pressure. This is due, again, to the reduction 
in the rate of production. 
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The peripheral speed of the pulp stone influences the power con- 
sumption only slightly. The power consumption per ton decreases 
somewhat when the speed is increased (fig. 15). It is also shown that 


5 
TONS IN 24 HOURS—BONE DRY 


(Spruce runs 24 to 27, inclusive.) 


45 
HORSEPOWER TO GRINDER 


Fia. 15.—Relation of power consumption and rate of production to speed. 


160 250 300 


HORSEPOWER PER TON—BONE DRY 


_ the horsepower to the grinder and production in 24 hours increase 
directly with the speed of the pulp stone. The speed has much less 
effect upon the quality of the pulp than either the pressure or surface 
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of the stone. Stronger pulp is obtained, however, at conditions of 
low speed and high pressure than is obtained at conditions of high 
speed and low pressure. It is believed, however, that the pressure is 
more responsible here than the speed. Figure 19 shows that the 
strength of paper, when the same amount of power is applied, is much 
less when the power is utilized at high speed and low pressure than 
at high pressure and low speed. 


TEMPERATURE OF GRINDING. 


There has always been more or less discussion about the effect of 
erinding hot or cold. Throughout the experimental work discussed 
little influence has been noted in grinding under conditions of varying 
temperature. It is true that the production in 24 hours is less when 
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Fic. 16.—Effect of steaming pressure on speed—horsepower to grinder constant. (Spruce runs 233 to 242, 
inclusive.) 


160 


grinding cold than when the hot process is used, but the variation of 
the temperature from 125° to 190° F. does not materially influence 
the rate of production. The pulp issomewhat finer when ground cold, 
but there is not as much difference between pulps manufactured by 
the cold and hot processes as is generally believed. 


OTHER FACTORS. 


Among the other factors which influence the power consumption, 
production in 24 hours, and the quality and yield of pulp are the 
amount of seasoning the wood has undergone before grinding, the 
dry weight per cubic foot, the size of bolts, and the rate of growth. 

It is easier to grind green wood and secure a satisfactory pulp than 
it is to grind seasoned wood. Seasoned wood almost invariably 
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yields a shorter fibered pulp, with a color inferior to that obtained 
from the green material. Green wood likewise requires less power 
to grind it, although the difference in the power consumption per ton 
between that obtained from green and seasoned wood is very small. 
The weight per cubic foot of wood is a most important factor, 
since upon it depends almost entirely the yield per cord. This is 
best shown in figure 20, where the dry weights of a number of dif-. 
ferent species are plotted against the yield of pulp per 100 cubic 
feet of solid rossed wood. It has been found that the yield is almost 
directly proportional to the bone-dry weight per cubic foot. 
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Fic. 17.—Relation of power consumption and production to steaming pressure—horsepower to grinder 
constant. (Spruce runs 233 to 242, inclusive.) 


The following is a list of woods corresponding to the numbers shown 
on the curves in figure 20: 


No. 1. Balsam fir. | No. 14. Western yellow pine. 
2. Red fir. 15. Jack pine. 
3. White fir. 16. Loblolly pine (fall cut). 
4. Alpine fir. 17. Loblolly pine (spring cut). 
5. Amabilis fir. 18. White pine. 
6. Lowland fir. 19. Engelmann spruce (Montana). 
7. Noble fir. 20. Engelmann spruce (Colorado). 
8. Eastern hemlock. 21. Sitka spruce. 
9. Western hemlock. 22. White spruce. 
10. Tamarack. 23. White birch. 
11. Western larch. 24. Aspen. 
12. Montana lodgepole pine. 25. Black’gum. 


13. California lodgepole pine. 


1Commonly called ‘‘popple’’ in Wisconsin. 
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The rate of growth seems to have little effect upon the power 
consumption or rate of production. When the wood is. of large 
diameter it is necessary to split a considerable portion of it and more 
or less binding is caused, this resulting in a higher power consump- 
tion per ton of pulp. The yield and quality are both slightly in- 
fluenced by the rate of growth of the wood. The yield is lower from 
wood of rapid growth than from wood which has grown slowly. The 
pulp is softer when rapid-growth wood is used, although the strength 
is practically the same. Generally woods which are highly lignified 
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Fic. 18.—Relation of power consumption and production to pressure and speed—horsepower to grinder 
constant. (Tamarack runs 62 to 68, inclusive.) 
yield shorter fibered pulps than those having large amounts of 
sapwood. 

The conditio. of the wood as regards decay has a marked effect on 
the pulp. With the use of partially decayed wood the yield of pulp 
from a cord is greatly decreased, and while the wood grinds faster 
than entirely sound wood, giving an increased production and a cor- 
respondingly lower power consumption per ton of pulp, the pulp 
consists principally of extremely short fibers and wood flour, which 
ereatly decrease its strength. (Spruce runs 255 and 256.) At the 
same time the color is materially darker than that of the pulp pro- 
duced from sound wood. 
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POWER CONSUMPTION PER UNIT OF STRENGTH. 


It has always been known that the consumption of a great amount 
of power will produce pulp of a greater strength. The relative 
effect, however, in using different amounts of power is probably best 
shown in figure 21. The strength as represented by Mullen or 
Schopper tests increases with increasing power consumption per ton. 

Figure 22, curve A, shows the relation between horsepower con- 
sumption per ton of pulp per meter of breaking length of paper made 
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Fic. 19.—Relation of strength of paper to pressure and speed. (Spruce runs 32 to 38, inclusive.) 


from it, and the power consumption in grinding a ton of the pulp. 
At low values of power consumption greater strength is produced 
per horsepower than at high values. The horsepower per ton per 
point per pound is also shown in the same figure, curve B. 


STEAMED WOOD PULP AND ITS USES. 


The pulp made by grinding steamed wood can be used for different 
purposes, depending largely upon the nature of the grinding process. 
If a sharp and coarse stone is used a large number of shives will be 
present and the pulp will serve for the manufacture of box board or 
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Fic. 20.—Relation of yield to dry weight of wood—steamed and unsteamed. 
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similar materials. When ground to a finer state, however, it has 
been demonstrated that with a mixture of a small amount of chemical 
fiber bogus kraft paper can be produced which will serve for a cheap 
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Fic. 21.—Relation of strength of paper to power consumption per ton of pulp. 
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wrapping paper. It is hardly likely that spruce could be used for 
the manufacture of cheap wrapping paper in this manner on account 
of its price, but other woods, which will be discussed later, also give 
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remarkably good results, and, bemg available in large quantities, 
should serve as a raw material for this purpose. Tests made on 
sheets composed entirely of boiled and steamed ground-wood pulp 
show that wrapping papers which will test from 0.50 to 0.75 of a_ 
point to the pound are easily produced. Wrapping papers of this 
kind are inclined to be brittle and do not have sufficient strength in 
tearing or folding without the addition of a small amount of chemical 
fiber. . 
Resinous woods, if given a mild steaming or boiling treatment prior 
to grinding, are rendered much more free from pitch, although the 
pulp is made very soft and darkened to some extent. The use of 
this method for the production of news print paper would undoubt- 
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Fic. 22.—Relation of strength of paper per horsepower to power consumption per ton of pulp. 


edly be costly on account of the handling necessary, the cost of steam- 
ing, and the loss in yield. 


SUMMARY OF INFLUENCE OF GRINDING AND COOKING CONDITIONS IN THE PRODUC- 
TION OF SPRUCE PULP. 


The experiments conducted by the Forest Service, both in cooking 
spruce prior to grinding and in varying conditions of producing pulp, 
have led to the followmg conclusions: 

COOKED WOOD. 


(1) Cooking spruce prior to grinding results in a stronger fibered 
pulp, although at least 25 per cent more power per ton is required 
than is used in grinding untreated wood. The horsepower consump- 
tion per ton when grinding under conditions of varying cylinder pres- 
sure decreases to a minimum at approximately 65 pounds pressure 
on a 14-inch cylinder; this holds for dull or sharp stones. 
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(2) When wood is cooked under conditions of constant pressure 
and varying lengths of time the maximum power consumption per 
ton of pulp is obtained after cooking for six hours. This holds true 
regardless of the pressure at which the cooking takes place, between 
0 and 75 pounds gauge pressure. 

(3) Wood which is cooked at high pressure requires more power 
per ton of pulp when ground under the same conditions of cylinder 
pressure, speed, and surface of stone than wood which is cooked at 
lower pressure, if the duration of the cook is the same. Likewise, the 
production of pulp in 24 hours is materially less when the wood ground 
has been cooked at high pressure than if it had been cooked at low 
pressure. 

(4) The yield per cord is influenced very greatly by the length of 
time the cooking is carried on and the pressure of the cook, being 
much lower for high pressures than for low and also for long cooking 
periods than for short. 

(5) The power to the grinder increases with speed and pressure of 
eriding and decreases with the degree of sharpness of stone. There 
is also a very slight increase in the power required with increase of 
temperature, other conditions remaining constant, while the thick- 
ness of stock in the grinder pit has almost no influence. Under like 
conditions of all other factors the power to the grinder is less for 
‘steamed wood than for green or seasoned wood untreated. 

(6) With a fixed amount of power to the grinder and a fixed grind- 
ing pressure, the speed of the pulp stone will vary greatly, depending 
on the length of time the wood has been steamed and the steaming 
pressure. Unsteamed wood will grind at low speed, while that 
steamed a long time will grind at high speed with the same amount 
of power to the grinder. 

(7) There is little if any difference in the quality of pulp obtained 
as a result of using either the boilmg or steaming process. Thecolor, 
length of fiber, and yield are practically the same if the boiling or 
steaming is carried on at the same temperature. 

(8) The amount of pulp produced in grinding cooked wood with a 
fixed amount of power to the grinder is less at high pressure and low 
speed than it is at low pressure and high speed. This results in a 
ereater horsepower consumption per ton of pulp at high pressure and 
low speed. 

UNCOOKED WOOD. 

(1) The rate of production varies directly with pressure, speed, and 
degree of sharpness of stone. Less pulp is obtained in 24 hours using 
seasoned wood than with green, and still less using steamed wood, all 
other conditions bemg the same. The temperature influences the 
rate of production to some extent; less pulp is produced at low tem- 
peratures. 

14852°—Bull. 348—16——3 
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(2) The horsepower consumption per ton of pulp when untreated 
wood is ground increases as the pressure decreases according to a 
fairly definite law; it is lower on sharp stones than on dull ones, and 
increases as the speed decreases in much the same manner as it does 
with pressure. There is, however, not as much difference between 
the power consumption per ton at low speed and high speed as there 
is between power consumption at low pressure and high pressure. 
The power consumption is very little influenced by temperature, but 
it is slightly lower at high temperature. The power consumption is 
higher for seasoned wood than for green wood, and higher for steamed 
wood than for either seasoned or green material ground under the 
same conditions. 

(3) The yield of pulp per cord is greater at high pressure than at 
low, and, while this is true also of the screenings, there is not as much 
fine material lost in white water when high pressure is used. The 
yield is not greatly influenced by the surface of the stone, but is 
slightly higher at high speed than at low. The yield is proportional 
to the bone-dry weight per cubic foot of wood. 

(4) The quality of pulp varies greatly with the surface of the stone, 
less with the pressure, and least with the speed. The weight per 
cubic foot and character of wood influence quality to a. marked 
extent, especially the latter; temperature also has a marked influence; 
pulp of greater strength is obtained at higher temperature; pulp 
produced at low temperature will take a better finish. Pulp of better 
color can be obtained from green wood than from seasoned, and 
stronger pulp can be obtained by cooking the wood prior to grinding. 
The quality of paper manufactured under exactly the same conditions, 
but made of pulp produced at different grinder pressures, varies 
greatly with the grinder pressure and the horsepower consumption 
per ton of pulp. Mechanical pulp of greatest strength can be pro- 
duced only by the expenditure of a relatively large amount of power. 


PART II.—SUBSTITUTES FOR SPRUCE IN THE MANUFACTURE 
OF GROUND-WOOD PULP. 


EXPERIMENTAL AND COMMERCIAL TESTS ON VARIOUS WOODS. 


Grinding tests of 22 different woods were made at the Wausau 
laboratory. Samples of the experimental pulps were sent to the 
Madison laboratory for tests to determine their quality. The 
experimental apparatus and the methods of operation were the same 
as those used in the case of spruce and described in Forest Service 
Bulletin 127. 

In addition to the experimental tests, ‘‘commercial” tests were 
made of the production of pulp and of the manufacture of paper. The 
methods employed in the preparation of the wood and the production 
of pulp were identical with those in the qualitative and quantitative 
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tests, except that more wood was employed and more pulp produced. 
As a rule, 2.5 tons of bone-dry pulp were manufactured during each 
test, though in some cases 5 tons were made. Data were recorded 
on power consumption, rate of production, yield, etc., and as soon as 
practicable the pulp was shipped to mills in the atest of Wausau 
to be made into paper. The aim in making the paper was to produce 
as good a grade of news print as possible from the experimental pulps 
under the standard mill practice of the company to which the pulps 
were sent. The one divergence from this practice was in the treat- 
ment of the pulp in the beater, as in some cases different amounts 
and kinds of color had to be added to secure the best results. The 
amount of size, alum, loading, color, etc., was recorded for each 
beater of pulp, as also were the amounts of sulphite and ground wood 
used. The size of screen slots, speed of machine, width of wire, etc., 
were also recorded. 

The paper produced from the experimental pulps was given a 
practical try out on the presses of the New York Herald and the 
St. Louis Republic. The tests were conducted under the ordinary 
operating conditions of the pressrooms of the two newspapers. The 
color of the different papers varied considerably, but this was not 
assumed to detract from their value for news-print purposes within 
certain limits. Record was made of the amount of waste, the num- 
ber and causes of breaks, and the number of papers run from a given 
quantity of material. Observations were also made on the general 
operating conditions and the appearance of the sheet when printed. 
Judgment of these latter factors was left very largely to the practical 


pressmen. 
KINDS OF WOOD TESTED. 


The woods tested to determine their suitability for mechanical 
pulp were as follows: 


Balsam fir (Abies balsamea). Western yellow pine (Pinus ponderosa). 
Red fir (Abies magnifica). Jack pine (Pinus divaricaia). 
White fir (Abies concolor). Loblolly pine (Pinus txda). 
Alpine fir (Abies lasiocarpa). White pine (Pinus strobus). _ 
Amabilis fir (Abies amabilis). Engelmann spruce, Montana (Picea engel- 
Lowland fir (Abies grandis). mannt). 
Noble fir (Abies nobilis). Engelmann spruce, Colorado (Picea engel- 
Eastern hemlock (Tsuga canadensis). - mannt). 
Western hemlock (Tsuga heterophylla). Sitka spruce (Picea sitchensis). 
Tamarack (Larix laricina). White spruce (Picea canadensis). 
Western larch (Larix occidentalis). White birch (Betula papyrifera). 
Lodgepole pine, Montana (Pinus mur- | Aspen 3 (Populus tremuloides). 

rayand). Black gum (Nyssa sylvatica). 
Lodgepole pine, California (Pinus mur- 

rayana). 


1 Called “popple” in Wisconsin. 
popp 
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TaBLE 1.—Amounts of different species used and where cut. 


Kind of wood. 


Tamarack (Larizlaricina)..... 
IDO. Sosa howe t ence seems 


White spruce (Picea cana- 
densis). 

Hemlock( Tsugacanadensis) . . 

Jack pine (Pinusdivaricata)... 


Hemlock ( Tsuga canadensis)... 
Balsam fir (Abies balsamea)... 
White spruce (Picea cana- 

ene 


Lodgepole pine (Pinus mur- 


rayana). 

Western yellow pine (Pinus 
ponderosa). 

Red fir (A bies magnifica) ....-- 

Lodgepole pine (Pinus mur- 
rayana).. 

Western larch (Larix occi- 
dentalis). ; 

White spruce (Picea cana- 
densis). 


Balsam fir (A bies balsamea)... 

White spruce (Picea cana- 
densis). 

Aspen (Populus tremuloides). . 

White birch (Betula papy- 


rifera). i 

White spruce (Picea cana- 
densis). 
Western hemlock (Tsuga 
heterophylia). 


Sitka spruce ( Picea sitchensis) . 

White spruce (Picea cana- 
densis). 

Lodgepole pine (Pinus mur- 
rayana). 

Red fir (Abies magnifica)... ..- 

White spruce (Picea cana- 
densis). 

Balsam fir (Abies balsamea).. . 

White pine (Pinus strobus). - - 

Engelmann spruce (Picea 
engelmanni). 

White fir (Abies concolor). -...- 


Amabilis fir (Abies amabilis). . 
Lowland fir (A bies grandis)... . 
Alpine fir (A bies lasiocarpa). - 


Engelmann spruce (Picea 


engelmanni). 

White spruce (Picea cana- 
densis). 

Loblolly pine (Pinus tzda)... 


Black gum ( Wyssa sylvatica). . 
Tamarack(partially decayed). 


Noble fir (Abétes nobilis).....-. 


Ship- 
ment 
No. 


Oo Oc Go bor) for) aor, Whe 


Amount 
used. 


z 


State 
where Sue ese Remarks. 
grown. . 


Wis...| Lincoln....... Swampy land, close stand. 


Safi ci ie ett La leh ae easel 0. 

--do....]....-do.........| Side hill, sloping south and 
east, sandy soil, closestand. 

--d0....].....d0.........] Swampy land, close stand. 

eC Oesee | emia do........-| Side hill, sloping south and 
east, sandy soil,close stand. 

ee Osea ntaue do.........| No further description. 

PECL Onsen Peer do.. : Do. 

S:d0nas0i ee dot cackad. Side hill, sloping south and 

. east, sandy soil, close stand. 
PEGs Leyes do.. Ber Seber of Grand Rapids Paper 
0. ¢ 


WITS oars Ni Sei da ts ge ala singe of Marathon Paper Mills 
0. 
AG Kore ey ey eee ae Do. 
SL GON ole mete cera ae attee Stock of Nekoosa-Edwards 
Paper Co. 
Mont .| Deerlodge..... Slope south, 7,000 feet eleva- 
: tion, clay soil. 
Selo ss) Witsoe 3550 Elevation 3,500 feet, glacial 
loam soil. 
Cal....| Nevada....... ie eS Cah Spada 
0. 
SodOne es le oeae Gorse Do. 
Mont..} Lincoln....... Elevation 3,100 feet, heavy 
: : forest, dry, deepclay soil. 
Wis sc ulsPricessessysaes Stock of Nekoosa-Edwards 
Paper Co. 
EaCO ses |eaies 6 (oy ee Matte Do. 
PykG oe Py emrneco Lovers a team Do. 
.-do..../.....d0.........] No other data available. 
PTO suse|ee ee sd Otsu Do. 
CE GLOE ta |uestess do......--.| Stock of Nekoosa-Edwards 
Paper Co. 
Wash | Chehalis......| Aberdeen Chamber of Com- 
merce. 
sees eal eee) aC Omen aerate 0. 
Wis.2-| (Price jsaeeere Stock ‘of Nekoosa-Edwards 
Paper Co. 
C,) ae ee ee ae ea Stock of Floriston Pulp & 
Paper Co. 
2 SMO EE Ni EA Sa aii Do. 
\Wayseelenneees seeoos Stock of Nekoosa-Edwards 
Paper Co. 
Oc 22ers sd Ones seis ers Do. 
S8dObs 2). dos ears Do. 
Colo. ..| (Cochetopa Elevation 9,200 feet, deep 
Nat. For.) black soil. 
Cal. --.|| Plumas... 22% Elevation 3,220 feet, red clay 
and shale soil. 
Wash.| Whitcom. .... Elevation 2,150, fragmentary 
rock soil. 
Mont..| Missoula.....- Hlevalign 3,400 feet, sandy 
oam. 
AGO olSersoc do........-| Elevation 3,300 feet, sandy 
loam. 
Secor ...d0.........| Elevation 3,300 feet, gravelly 
loam. 
DAY ieeien| PAA ye US Stock of Nekoosa-Edwards 
Paper Co. 
PIN. Gaus fie eeu eae ie Beaver Co., Weldon, 
La....| Winn.......-.- Hardwood bottoms. 
eas alen Lin Mae emreenae etme Selected from culls of stock of 


Marathon Paper Mills Co. | 
Oreg..} Multnomah. ..| Elevation 3,500 feet, rocky soil. 
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The region in which the different species grow is shown on the 
maps, figures 23 to 44. Table 1 gives source of shipments tested. 
Information. concerning the amount of each kind of timber available 


: eo 
ae 


Fic. 23.—Balsam fir (A bies balsamea). 


and other facts relating to the stand and supply will be furnished by 
the Forest Service upon. request. 


RESULTS OF GRINDING TESTS. 


On the whole, very little difficulty was encountered in producing 
pulp from the woods tested. With the conifers, at least, grinding 
could be done under practically the same conditions employed for 
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spruce. 
of noble fir and amab 


Fic. 24.—Red fir (Abies mag- 
Nnifica). 

Such pulp is as light 
fairly sharp stone can 
ever, usually shows 
decay and insect at- 
tack, and it is prac- 
tically impossible to 
grind it mto pulp 
which will not contain 
many shives and be 
somewhat soft. The 
yield from balsam fir 
is about 1,910 pounds 
(bone-dry pulp) per 
hundred cubic feet of 
solid rossed wood, or 
approximately 490 
pounds less than the 
yield from an equal 
quantity of white 
spruce. 

Red fir, like balsam, 
is easily ground to a 
pulp satisfactory for 
news-print purposes. 
It required, however, 


343, 
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All the substitutes, however, with the possible exception 


ilis fir, required the use of more power per ton 
of pulp. Also, while a good grade of spruce 
pulp can be produced under widely varying 
conditions of grinding, the best results were 
generally obtained from the other woods when 
the stone was somewhat dull, the pressure high, 
and the speed of grinding rather slow. 


THE FIRS. 


The firs tested were balsam fir (Abies bal- 
samea), red fir (Abies magnifica), white fir (Abies 
concolor), amabilis fir (Abies amabilis), alpine 
fir (Abies lasiocarpa), lowland or grand _ fir 
(Abies grandis), and noble fir (Abies nobilis). 

A good sheet of pulp can easily be obtained 
from balsam fir if the wood isim a green state. 
in color as, if not lighter than, spruce, and a 
be used in grinding it. Seasoned wood, how- 


Fic. 25.—White fir (A bies concolor). 


more power per ton of pulp, due possibly to the fact that the wood 
used in the experiments was of such a large diameter that it had to 
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be split before it could be ground. The pulp had a reddish tinge,which 
made it less suitable for news-print purposes than that of some other 
woods which grow in the same region. ‘ The yield was approximately 
1,915 pounds (bone dry) per hundred cubic feet of solid rossed wood, 
or nearly 500 pounds less than for white spruce. On the basis of a 
cord of rough wood 
the difference in yield 
would be even greater 
on account of red fir’s 
extremely thick bark. 

White fir yields a 
very satisfactory pulp, 
especially when the 
wood is green and 
comes from young 
trees. Tests con- 
ducted on this species, 
to note the influence 
. of age of the trees on 
the quality of the pulp 
produced, showed that 
pulp from the split 
wood of trees 40 inches 
in diameter and 130 
feet high was inferior 
in color, fiber, and 
yield to pulp obtained 
from trees of 18 inches 
in diameter or less. 
Pulp obtamed from 
the older wood was 
inclined to be soft and 
shivy; that from the. 
younger wood did not 
show these defects. 
The color of white-fir 
pulp is better than 
that of red fir, though 
not as good as that 
of balsam. White-fir ee A fir (A bies lasiocarpa). 
pulp is rather soft. The yield is approximately 2,000 pounds (bone 
dry) per hundred cubic feet of solid rossed wood, or about 400 pounds 
less than white spruce. 

Alpine fir yields a very good quality of pulp, which in color is as 
light as, if not lighter than, spruce pulp. It can be ground with a 
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fairly sharp stone and without an unusual expenditure of power. 
The result is a pulp very satisfactory for news-print purposes. The 
yield is approximately 2,060 pounds (bone dry) per hundred cubic 


feet of solid rossed wood. 


Fig. 27.—Amabilis fir (Abics ama- 
bilis). 


This wood is usually free from knots and 
other irregularities, and has a fairly thin, 
smooth bark. 

Amabilis fir readily grinds to a pulp suit- 
able for news-print purposes. The color of 
the pulp is slightly grayish, but an excellent 
fiber can be produced with a sharp stone 
and a reasonable amount of power. In 
strength the pulp is about equal to that 
obtained from spruce. The wood used in 
the tests was split from large logs having 
a number of good-sized knots. The yield 
is approximately 1,870 pounds (bone dry) 
per hundred cubic feet of solid rossed 
wood. Asin the case of red fir, the thick 
bark of amabilis fir would result in decreas- 
ing the yield were the latter figured on the 
basis of a rough-piled cord. 

Lowland or grand fir can be ground on a 


fairly sharp stone to produce pulp well adapted for news-print paper. 
The quality is not up to that of balsam or amabilis fir, but is better 
than that of white, alpine, or red fir. The pulp produced at the 


laboratory had a slightly grayish cast, 
which in some measure might be due to 
the heart rot that was beginning to attack 
many of the logs. The yield was approxi- 
mately 1,950 pounds (bone dry) per hun- 
dred cubic feet of solid rossed wood. 
Noble fir readily yields a pulp satisfac- 
_ tory for news-print purposes. Like white 
spruce, it can be ground with a wide varia- 
tion of power consumption. The pulp has 
a marked pinkish tinge, 


tionable, but the fibers 


length and strength, though with a ten- 
dency to coarseness. The wood tested was 


which is objec- 
are of unusual 


supplied from a large tree freshly cut and) ¥-8-Vewland fr (Abresigrandis)- 
was remarkably free from knots. The yield was approximately 
1,920 pounds (bone dry) per hundred cubic feet of solid rossed 
wood, or about 480 pounds less than that from an equal amount of 


spruce. 
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THE HEMLOCKS. 


Eastern hemlock (Tsuga canadensis) requires a considerable 
amount of power for the production of satisfactory pulp. The wood 
must also be of fairly small diameter and of very good quality. 
Even under the best conditions, eastern hemlock pulp does not. pre- 
sent a good appearance; the fibers are short, and it has a decided 
reddish tinge. Moreover, it is very hard to produce pulp which 
will not crack along the edges when the laps are folded. However, 
even with the handicap of short fibers, a pulp satisfactory for news- 
print purposes can be produced. The yield from eastern hemlock 
is approximately 2,030 pounds per hundred cubic feet of solid rossed 
wood (370 pounds less than from an equal amount of white spruce), 
though the same ratio would not be evident if the basis were a cord 
of rough wood. 

Western hemlock (Tsuga heterophylla) can be ground at much 
higher pressures and with a sharper stone than eastern hemlock. 
The pulp produced is of very good quality and 
aside from its grayish color compares well with 
white spruce. It is far superior to that from 
eastern hemlock. The yield is about 2,160 


pounds per hundred cubic feet of solid rossed oF 
wood, or 240 pounds less than that from white Sf 75 


spruce, though the bark of western hemlock is 
much heavier than that of the latter species. 


THE LARCHES. 


Tamarack (Larix laricina) produces a very 
good quality of pulp with a reasonable amount '* 
of power. In color, however, the pulp is a de- 
cidedly grayish green. It would probably serve for news-print paper 
if used with spruce sulphite or mixed with spruce ground wood. In 
any event, it could be used for wrapping paper. The yield is approxi- 
mately 2,620 pounds per hundred cubic feet of solid rossed wood, or 
about 220 pounds more than from an equal amount of white spruce. 

Western larch (Larix occidentalis) yields a very inferior pulp. The 
product is difficult to operate on the wet machine, and the pulp 
stone must be rough, but not sharp, to secure the best results. In 
other words, the pulp must have coarse fibers and a relatively large 
number of shives. The color, a decided brown, is objectionable. 
The yield from western larch was only 2,100 pounds per hundred 
cubic feet of solid rossed wood, though on the basis of the dry weight 
of the wood it should have been at least 2,300 pounds. This differ- 
ence is probably due to the high proportion of the wood substance 
that is soluble in water and to the brittleness of the heartwood, so 
that a large percentage of the yield is lost in the white water. 


29.—Noble fir (Abies 
nobilis). 
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THE PINES. 


Both the California and Montana lodgepole pine (Pinus mur- 
rayana) yield pulp of very good quality. The wood can be ground 
under ordinary conditions and does not require the consumption of 
a large amount of power. Satisfactory results are obtained when 
the wood is ground at high pressures and at high speed, provided 
the stone is somewhat dull. The color of the pulp from both varie- 
ties compares favorably with that of white spruce, though the 
Montana wood is somewhat lighter than the California. The resin 
did not prove objectionable. Montana lodgepole pine yielded 
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Fig. 30.—Eastern hemlock ( T'suga canadensis). 


approximately 2,140 pounds of pulp (bone dry) per hundred cubic 
feet of rossed wood, while California trees yielded about 1,920 pounds. 
The difference was due to the greater age, larger size, and lighter 
weight of the California wood. 

Western yellow pine (Pinus ponderosa) can be ground under a 
wide variety of conditions. The pulp has a fairly long, coarse fiber 
and is invariably soft. In color it tends toward a creamy, resembling 
to some extent that obtained from jack pine. While the wood used 
in the test contained considerable pitch, this did not cause much 
trouble either in the grinding process or in the operation of the wet 
machine. The wood used was cut in October, and it is reasonable 
to suppose that material cut after the sap had gone down would 
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have been better. The fact that the majority of the tests were 
made after the wood had seasoned from one to one and one-half 
years might also account for the more satisfactory operation of the 
material. The yield was approximately 2,060 pounds per hundred 
cubic feet of solid rossed wood. 


Fia 31.—Western hemlock ( Tsuga heterophylia). 


Jack pine (Pinus divaricata) yields a very good pulp when ground 
with a rather dull stone, necessitating, of course, a high power con- 
sumption. The pulp produced at a consumption of from 90 to 100 
horsepower per ton for 24 hours compares favorably with white 
spruce pulp made with a somewhat lower power consumption. In 
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color jack pine is creamish or even brownish, and the pitch may cause 
trouble on the felts, especially if the wood is not seasoned or has not 
been ponded for a considerable period of time. The best results 
can be obtained from pitchy woods if the trees are cut when the 
sap is down. The yield of jack-pine pulp per hundred cubic feet 
of solid rossed wood was about 200 pounds less than that from an 
equal amount of white spruce. 

Loblolly pine (Pinus teda) requires a dull stone and consequently 
an expenditure of a large amount of power, but does not yield a 
pulp of as good a quality as may be obtained from the other pines 


Fig. 32.—Tamarack (Larix laricina). 


tested. Although hardly suitable for news-print purposes, loblolly- 
pine pulp could no doubt be used as a filler. Tests were made on 
wood cut in the spring and allowed to remain in the forest until the 
bark became loosened and on wood cut in the fall and split for fire- 
wood. The fall-cut wood produced a creamy colored pulp, while 
the spring-cut wood gave one of a brownish shade. Practically no 
other difference was noted in the quality. The yield from the fall- 
cut wood was about 2,500 pounds per hundred cubic feet of rossed 
wood, while that from the spring-cut wood was 2,400 pounds, the 
amount in each case being proportional to the weight per cubic foot 
of the wood. 


; 


‘tana, though the latter, owing to its 


-per hundred: cubic feet of rossed wood 
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Through a mistake in shipment a quantity of white pine (Pinus 
strobus) was received at the laboratory. It had not been the inten- 
tion to test this wood, since its value for lumber eliminates it from 
consideration as a possible substitute for spruce. Tests were made 
on it, however, since it was at hand. It can be ground on a fairly 
sharp stone to yield fibers of good strength and excellent color. The 
pulp contains a considerable amount of pitch, and, like that from the 
other pines, is inclimed to be soft. The yield was approximately 
1,885 pounds per hundred cubic feet of solid rossed wood. 


THE SPRUCES. 


Engelmann spruce (Picea engelmanni) can be ground under the 
same conditions used for white spruce. The pulp has an excellent 
color and a long strong fiber. The fact that the wood ground at 
the laboratory was in a green state undoubtedly made it easier to 
produce a good grade of pulp. Wood 
obtained from Colorado in the form of 
small logs showed no difference in quality 
from similar material obtained from Mon- 


greater weight per cubic foot, yielded 
about 2,250 pounds of pulp (bone dry) 


against 2,000 pounds for the Colorado 
material. 

Sitka spruce (Picea sitchensis) yields a 
pulp of very good quality, though not — Fie. 33.—Western lareh (Larix occi- 
equaltothatfromwhitespruce. Although gen 
the wood can be ground under practically any condition of speed, 
sharpness of stone, and grinder pressure, the fibers are not as fine 
and long as those of the white spruce. In color, moreover, Sitka 
spruce pulp is inclined to be grayish. The wood tested was cut during 
the latter part of April and contained considerable pitch. It undoubt- 
edly would have run better had it been cut earlier in the year. The 
yield was 2,100 pounds per hundred cubic feet of solid rossed wood, or 
about 200 pounds less than that from an equal amount of white 
spruce. 


THE HARDWOODS. 


Aspen (Populus tremuloides) requires the consumption of a large 
amount of power to produce pulp which will run satisfactorily on the 
wct machine. If the pulp stone is too sharp or a less amount of 
power is used, the pulp will be very short. When mixed with spruce, 
however, it operates very satisfactorily. Aspen pulp possesses good 
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color, although it is likely to contam black specks of bark unless 
knots are removed from the wood before it is ground. The yield was 
approximately 2,200 pounds per hundred cubic feet of solid rossed 
wood. 


Fic. 34.—Lodgepole pine (Pinus contoria). 


White birch (Betula papyrifera) yields a pulp m which the fibers 
are short, though very fine. It is necessary to use a very dull stone 
in the grinding process, and even then laps crack along the edges 
when folded. The pulp, moreover, has a decidedly pinkish tinge, but 
the ground wood could undoubtedly be used as a filler in the produc- 


j 


tion of certain grades of paper. The yield per hundred cubic feet is 
very high, approximately 2,950 pounds, or 550 pounds more than 
that from an equal amount of spruce. On the basis of a rough cord, 
however, this difference would be materially reduced, since white 
birch logs have a thick bark and are often crooked. 

Black gum (Nyssa sylvatica) yields a fiber that in many ways 
resembles that obtained from white birch. It is extremely short, 
but forms a tougher sheet than coniferous fibers of the same length. 
Considerable power must be expended to produce laps that can be 
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Fig. 35.—Western yellow pine (Pinus ponderosa). 


taken off the wet machine satisfactorily. The pulp is not promising 
from a news-print standpoint, but could be used as a filler or mixed 
with pulp of a better grade. In color it is very white, ranking high 
in this respect among the woods tested. Steaming the wood prior to 
srinding gives a stronger pulp, but not to the extent observed m the 
case of birch similarly treated. The yield of pulp from black gum is 
approximately 2,600 pounds per hundred cubic feet of solid rossed 
wood. 
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WOODS STEAMED PREVIOUS TO GRINDING. 


In addition to the tests on untreated wood, other tests were made 
on steamed material. Practically all of the conifers yielded fairly 
strong, brownish-colored pulps suitable for the production of board 
and cheap grades of brown wrapping paper. Balsam fir, noble fir, 
amabilis fir, Alpme fir, and white and Engelmann spruce pulps 
showed longer fibers and felted somewhat better than those from the 
other woods. When steamed all of the conifers required the con- 
sumption of a relatively large amount of power for the production of 
satisfactory pulps. This was not the case, however, with aspen and 


Fig. 36.—Jack pine (Pinus divaricata). 


white birch, which produce much stronger pulps when treated before 
grinding, the product comparing favorably in color and toughness 
with spruce pulp. The fibers of the aspen and white birch were 
shorter, it is true, than those of spruce, but the felting qualities of the 
hardwood pulps are better than those of spruce pulp. Steamed aspen 
and white birch can be ground with a comparatively small amount of 
power to produce the kind of pulp just described. 

A heavy loss in wood substance was noted in the case of all the 
species tested except western larch. The fibers of the latter wood 
seem to become tougher as the result of cookmg and do not grind up 
to a fine powder which passes through the meshes of the cylinder 
mold. 
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F-LAB. 10 


F—LAB. II 


Fic. 2.—STEAMED (RUN No. 38). 


WHITE BIRCH MECHANICAL PULP. 
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Fic. 1.—STEAMED (RUN No. 5). 


Fig. 2.—UNSTEAMED (RUN No. 2). 


ASPEN MECHANICAL PULP. 


PLATE V. 


F—LAB. 12 


4 F—LAB. 13 
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F-LAB. 14 


Fic. 1.—UNSTEAMED (RUN No. 56). 


F-LAB. 16 


Fic. 2.—STEAMED (RUN No. 62). 


HEMLOCK MECHANICAL PULP. 
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Fla. 1.—STEAMED (RUN No. 80). 


Fia. 2.—UNSTEAMED (RUN No. 27). 


JACK PINE MECHANICAL 


PULP. 


PLATE VII. 


F—LAB. 16 


F—LAB. I7 
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Fila. 1.—STEAMED (RUN No. 25). 


Fic. 2.—UNSTEAMED (RUN No. 26). 


TAMARACK MECHANICAL PULP. 


PLATE VIII. 


F-LAB, 18 
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F—LAB. 20 


Fla. 1.—RED FIR MECHANICAL PULP UNSTEAMED (RUN No. 4). 


F—LAB. 21 


Fla. 2.—WESTERN LARCH MECHANICAL PULP UNSTEAMED (RUN No. 2). 
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F—LAB. 22 


Fla. 1.—WESTERN HEMLOCK MECHANICAL PULP UNSTEAMED (RUN No. 1). 


F—LAB. 23 


Fic. 2.—LODGEPOLE PINE (CALIFORNIA) MECHANICAL PULP UNSTEAMED (RUN 
No. 2). 


PLATE XI. 
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F—LAB. 24 


Fic. 1.—WESTERN LARCH MECHANICAL PULP STEAMED (RUN NO. 1). 


F—LAB. 26 


Fia. 2.—LODGEPOLE PINE (CALIFORNIA) MECHANICAL PULP STEAMED (RUN No. 1). 
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F—LAB, 26 
Fic. 1.—BALSAM FIR MECHANICAL PULP UNSTEAMED (RUN No. 14). 


F—LAB. 27 


Fic. 2.—NOBLE FIR MECHANICAL PULP UNSTEAMED (RUN No. 2). 
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MICROSCOPIC COMPARISON OF GROUND-WOOD FIBERS. 


Plates IV to XIT are photomicrographs of the ground-wood fibers 
obtained from the various species tested. It is not possible, of 
course, to gauge accurately from such photographs the pulp-making 
qualities of the fibers. Length of fiber does not necessarily mean 
strength, for a stronger pulp can be obtained from fibers which, 
though quite short, will felt well. Steamed white birch pulp, for 
example, will test as high in strength as longer-fibered material from 
the pines, larches, and hemlocks. However, the photographs make 
it possible to compare the characteristics of the fibers of one kind of 
wood with those of another kind, especially since the lodgepole pine, 
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Fic. 37.—Loblolly pine (Pinus txda). 


western hemlock, western larch, red fir, balsam, white birch, jack 
pine, hemlock, and tamarack were ground under the same conditions 
of pressure, speed, surface of stone, etc. For some of these species 
photographs of both cooked and uncooked fibers are shown. The 
cooked-wood specimens were not treated in the same manner, nor 
were they ground under like conditions. 

In the case of birch (Pl. IV) it will be seen that the uncooked pulp 
is very short and contains much wood flour, while the cooked fibers 
are fairly long and very fine. When run into paper without the 
addition of sulphite the steamed pulp showed a strength under test 
of 0.51 point per pound and 5.8 pomts per thousandth inch of 
thickness. 
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The aspen fibers (shown in Pl. V) appear to be even shorter than 
those of the birch. The steamed pulp when run into a 63-pound 
sheet gave a Mullen test of 0.51 point per pound and 6.2 points per 
thousandth ineh of thickness. 

Between the cooked and uncooked hemlock fibers (shown in PI. VI) 
there is more contrast in respect to length than in the case of birch 
and poplar. The cooked hemlock when run into a 55-pound sheet 
without sulphite gave a Mullen test of 0.51 point per pound and 6 
points per thousandth inch of thickness. 

Both the steamed and unsteamed jack pine (shown in PI. VII) 
are remarkably free from wood flour and short fiber. The steamed- 


Fic. 38.— White pine (Pinus strobus). 


wood sample, when run into a 43-pound sheet without sulphite, gave 
a Mullen test of 0.47 point per pound and 4.5 points per thousandth 
inch of thickness. 

In Plate VIII, which shows steamed and unsteamed tamarack 
fibers, the much greater length of the former is apparent. 

Plates IV, VI to X, and XII, figure 1, show the fibers from a 
number of different woods ground in the natural state under the 
same conditions. With the exception of western larch, the fibers 
are of very good quality and compare well with those of spruce. So 
far as length and fineness go, the fibers shown in Plates VII, X, and 
XII are fully equal to spruce. 
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EXPERIMENTAL MANUFACTURE OF PAPER. 


A limited amount of paper (waterleaf) was made experimentally 
at the Madison laboratory from the various pulps and tested for 
strength and color. In every case the conditions of manufacture 
were identical, and no coloring matter was added to any of the pulps 
in the: beater. The paper machine used was too small to permit of 


Fig. 39.—Engelmann spruce (Picea engelmanni). 


reliable data being obtained upon such points as operation of the 
pulp on the machine, calendering, and the like. 

In the matter of color the various wood fibers (unsteamed) may 
_be arranged m the order given below, the basis bemg the number of 
parts of black which each sample contained, that with the smallest 
number ranking first. It should be remembered that the arrange- 
ment is made as the result of tests on many different samples of 
paper from the same wood, rather than on the particular samples 
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which accompany this bulletin, and also that the different woods 
were in various stages of seasoning when ground into pulp, a fact 
which might materially influence their relative color rating: 


1. Alpine fir. 14. Jack pine. 
2. White spruce. _ | 15. White fir (old and young trees mixed). 
3. Engelmann spruce. 16. Noble fir. 
4, Black gum. 17. Loblolly pine (spring cut). 
5. Lowland fir. 18. Aspen. 
6. Montana lodgepole pine. 19. White birch. 
7. Loblolly pine (fall cut). 20. Sitka spruce. 
8. White pine. 21. Eastern hemlock. 
9. Balsam fir. 22. Red fir. 
10. White fir (young wood). 23. Tamarack. 
11. Western yellow pine. 24. Western hemlock. 
12. California lodgepole pine. 25. Larch. 
13. Amabilis fir. 


Fic. 40.—Sitka spruce (Picea sitchensis). ‘ 


White, Alpine, amabilis, and balsam fir are light in color, comparing 
very favorably in this respect with whice spruce. Red fir and noble 
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fir, however, have a pinkish tinge, as has eastern hemlock and white 
birch. Western hemlock is grayish. Lodgepole pine has a good color, 
but western yellow pine is a yellowish white, and jack pine and lob- 
lolly have a brownish tinge. Both western larch and eastern larch 


Fig. 41.—White spruce (Picea canadensis). 


(tamarack) are of poor color for news-print purposes, the former 
being very brown and the latter dark gray. Aspen and black gum 
have a good color. Sitka spruce is gray, but Engelmann spruce is 
fully as bright as white spruce. 
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lt is very difficult to obtain reliable data on the relative strength 
of pulps from different woods, owing to the fact that it is almost 
impossible to produce them under identical conditions of grinding, 
especially as regards power consumption per ton, a factor which 
largely influences their strength. The result of strength tests made 
at the Jaboratory on the experimental pulps seems to indicate, how- 
ever, that but one of them surpasses white spruce pulp. ‘This refers, 


Fic. 42.—Aspen (Populus iremuloides). 


of course, to the uncooked pulps. Tests made on the steamed pulps 
indicate that those from the hardwoods produced with a smaller 
consumption of power surpass white spruce in bursting strength. If 
the results of tests on the breaking length in meters per horsepower 
per ton and those of the horsepower per ton per point per pound are 
averaged for power consumptions of from 80 to 100 horsepower, 
the experimental woods can be arranged in the following order as 
regards their strength, the strongest coming first: 
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1. Noble fir. 13. California lodgepole pine. 
2. White spruce. 14. White pine. 

3. Amabilis fir. 15. Western yellow pine. 
4. Engelmann spruce. 16. Tamarack. 

5. Western hemlock. 17. Jack pine. 

6. Sitka spruce. 18. Loblolly pine. 

7. Balsam fir. 19. Hemlock. 

8. Lowland fir. 20. Larch. 

9. Red fir. 21. Aspen. 

10. Montana lodgepole pine. 22. Black gum. 

11. White fir. 23. Birch. 

12. Alpine fir. 


COMMERCIAL MANUFACTURE OF PAPER. 


To secure reliable data on the operation of the pulps on the paper 
machine approximately 5,000 pounds of bone-dry pulp were manu- 
factured from each kind of wood. At the start 5 tons of pulp were 
made, but it was found later that the smaller amount would be 
sufficient for the purpose of the test. The papers were made at the 
mills of the Rhinelander Paper Co., Rhinelander, Wis., and the 
Nekoosa-Edwards Paper Co., Port Edwards, Wis. The woods and 
mixtures of woods used were as follows: 


Jack pine, green. 7. California lodgepole pine. 
Jack pine, seasoned. «| 8. Red fir. 
Hemlock. 9. One-half spruce and one-half hem- 
One-third spruce, two-thirds hem- lock. 
lock. 10. One-half balsam fir and _ one-half 
One-third spruce, one-third hemlock, spruce. 
and one-third jack pine. 11. Tamarack. 
Two-thirds hemlock, one-third jack | 12. One-half tamarack and _ one-half 
pine. spruce. 
1. Spruce. 13. Noble fir. 
2. Western hemlock. 14. Alpine fir. 
3. Sitka spruce. 15. White spruce. 
4. Montana lodgepole pine. 16. Engelmann spruce (Colorado). 
5. Western yellow pine. 17. Amabilis fir. 
6. Balsam fir. 


As the former group of tests has been previously reported upon 
(Forest Service Bulletin, ‘‘ Experiments with Jack Pine and Hemlock 
for Mechanical Pulp’’), only the last 17 papers manufactured at the 
Nekoosa-Edwards Paper Co. will be considered. 

Table 57 gives the results of the commercial runs. Samples of the 
printed and unprinted sheets accompany this bulletin. f 

For the first 12 runs the same furnish of ground wood and sulphite 
to the beater was used in each case, the pulp consisting of quick-cook 
hemlock sulphite 25 per cent and experimental ground wood 75 per 
cent. In the last five tests the pulp was made up of 20 per cent of 
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Fic. 43.—White birch (Betula papyrifera). 
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quick-cook sulphite and 80 per cent of ground wood. The complete 
list of material furnished the beaters is given in Table 2. 

The quantities of the different colors added varied with the color 
of the pulp. In every case attempt was made to duplicate the 
standard news color used by the company manufacturing the paper. 
It is very probable that if the sheets had been left uncolored, or had 


Fig. 44.—Black gum (Nyssa sylvatica). 


been colored a cream white, they would have presented a better 
appearance than they did. 

Of the first series of 12 tests, those on white spruce, balsam fir, and 
Sitka spruce were run on a Fourdrinier paper machine trimming 109 
inches wide and having a jacketed upper couch roll. On account of 
the slowness of the stock and insufficient suction the operation of the 
pulps in these three tests was somewhat unsatisfactory. There was 
sticking of the pulp to the couch and difficulty in securing good forma- 
tion. 
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TaBLE 2.—Furnish to beater on basis of 1,000 pounds of paper. Commercial tests on 
expervmental pulps. 


aa Kind of ground wood. Weight. | Sulphite.| Size. | Alum. eee Bhodarine 
Pounds. | Pounds. |Pounds.|Pouwnds.| Ownces. Ounces. 
TMS Drucel se Cee ae Aa ae) bet aoa): datas 750 250 3.33 6. 67 3.2 0. 167 
2] Western hemlock................:... 750 250 3.33 6. 67 4.27 -10 
3) |) Silk alSPHUCOl see seem nae a eee 750 250 3. 33 6. 67 3. 37 . 167 
4 | Lodgepole pine (Montana)........... 750 250 3.33 6. 67 3.33 . 20 
5 | Western yellow pine.........--.--.-- 750 250 3.33 6. 67 4.27 5) Sear 
G3] JBatlsSami fires pe sein nm es ane a 750 250 3.33 6. 67 2.53 - 167 
7 Lodzepole pine (California).........- 750 250 3.33 6. 67 Bee . 167 
Sil WE ad fare ere eS a ate Lge 750 250 3.33 6.67 3.73 SBR} 
9 Hemlock and spruce: 20205 64-2225: 1750 250 3.33 6. 67 3.73 - 20 
10 | Balsam and spruce............-..--- 1750 250 3.33 6.67 2.6 - 167 
O10) Mamraracks: (529 ea ase Pa Mee IS 750 250 3.33 6. 67 §.33 - 667 
12 | Tamarack and spruce.............-- 1750 250 3.33 6. 67 4.00 oA 
13 Opler OF oe er be eek 800 200 3.33 | 10.0 5.4 -40 
G4] GA Dap trie Stirs are ei SR Aa ae 800 200 3.33 | 10.0 4.4 ° - 40 
15>] BWURE eis aie TNs ae Ou eee ele 800 200 3.33 | 10.0 6.8 . 30 
16 Pete spruce (Colorado). .-._.- 800 200 3.33 | 10.0 4.8 -379 
17) Amabilisthine oe Seen ea ete 800 200 3.33 | 10.0 5.0 - 400 


1375 pounds each. 


The remainder of the 12 tests were run on a Fourdrinier machine 
trimming 100 inches and provided with a suction couch roll. The 
operation of pulp on this machine was much more satisfactory than 
on the other, although slowness of the stock made it impossible to use 
the dandy and a good formation could not be secured. Both of the 
paper machines ran at a speed of 460 feet per minute, and the screen 
plates were cut with slots 0.011 inch wide. In calendering the paper, 
9 nips of a 12-roll calender stack were used. 

So far as appearance and strength went, all the sheets manufac- 
tured at this time were considered very creditable. The No. 9 paper, 
containing 374 per cent of hemlock ground wood, 37% per cent of 
spruce ground wood, and 25 per cent of quick-cook hemivet sulphite, 
had a very high gene and took an excellent finish, though the 
color was slightly off. Both of the balsam che eae 6 and No. 
10—were very good both in strength and color. The western yellow- 
pine sheet ran very foamy and showed a number of scum spots, due 
largely to the pitch. Sheets of better formation undoubtedly could 
have been made if the pulp had been ground in a way to make it some- 
what more “‘free.’”’ The jordan machine was not used except to 
brush out the sulphite. 

For the last 5 of the 17 commercial runs it was necessary to return to 
the first paper machine. In this series the paper was run at a speed of 
450 feet per minute and passed through 11 nips of a 12-roll calender 
stack. All of the stocks were somewhat slow, but not so slow as were 
those of the previous series. The formation of the sheets, however, 
left much to be desired. Engelmann spruce (stock 16) and Alpine fir 
(stock 14) operated very satisfactorily with the dandy in use, but 
the stock from amabilis fir (stock 17) was very slow and sticky, and 
the dandy was removed for noble fir (stock 13) and white fir (stock 
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15). In this series the jordan in every case brushed as close as, or 
closer than, when the regular mill stock was being used. 

The ground wood from Alpine fir and Engelmann spruce gave the 
best results from the standpoint of operation on the paper machine. 
All of the sheets in this series exhibited very good strength, while the 
color of those from Alpine fir, amabilis fir, and Engelmann spruce 
compared favorably with that of the spruce standard. So far as the 
paper-making qualities of the pulps are concerned, the 17 tests demon- 
strate that all of the woods used are satisfactory for news-print paper. 
It was suggested by the men operating the paper machines that even 
more satisfactory results could have been secured had a lighter sheet 
been run, such as is used for catalogues. Table 58 summarizes the re- 
sults of strength and color tests on the papers manufactured from the 
commercial pulp samples. If the results of the single trial to obtain a 
good color for each experimental sheet are compared with the color 
ratings given in Table 3 for afew actual trade news-print sheets, it 
will be seen that the latter vary almost as widely in color as the 
experimental papers. 


TABLE 3.—Oolor ratings of commercial news-print sheets. 


Red. | Green. | Blue.}| Black. Red. | Green. | Blue.| Black. 

2 BO ||: ES we |S | ae 

1 
DN 2 Ee Le em i). 61 59 54 P26 )\1| WKS eee Se heh Bea 66 61 59 114 
155 (EW OS A RE 61 6 50 IBAA Ce 2 2 a ye 68 60 58 114 
(OY oe See ee ae 66 62 59 TFB GUE ee 71 61 59 109 
1D) S 210 Se A se 61 59 54 TG INIE See eee ees 58 56 56 130 
1D) 4 Oe ee eae 69 65 60 TOG) || Oa eee HET 3 65 58 57 120 
1DY 52) See ee er 70 66 54 TOS) | dees, A A a 56 55 55 134 
ee rei utehineatnarciararces 61 59 54 DDG nt | Qc ies bless p ode che ax 61 59 58 122 
BLO Lt he OS ae 69 6 59 DT a TE Ree Es ee Oe ee 69 57 57 117 
inpatient 3 60 54 54 LS 2 eee eS Sone. Se 64 54 54 120 
A nth Bs SE Sa 65 59 59 116 


TESTS ON NEWSPAPER PRESSES. 


The final test of news-print paper is, of course, its behavior on the 
presses and the way it takes ink. Defects which are not apparent 
when the material is run over the machine become very evident 
when the paper is run through a high-speed press. Under such 
conditions, holes, calender cuts, and the like cause the paper to 
break. 

The first 12 experimental papers were tested on the presses of the 
St. Louis Republic, St. Louis, Mo. They were run on two duplicate 
machines of the Hoe sextuple rotary type. Some of the rolls of 
experimental paper were 67 inches wide, others were 504 inches, and 
still others 334 inches wide. One entire city edition and a portion 
of another were printed on the experimental papers. 

On one press the papers were run at the rate of 369 copies per 
minute, and on the other at the rate of 372 per minute, or 22,150 and 
22,300 copies per hour, respectively. This corresponds to a speed of 
paper through the press of approximately 760 feet per minute. 
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Allowing for breaks and other interruptions, the actual number of 
papers printed per hour under ordinary conditions ranges from 10,000 
to 19,000; depending on the quality of the paper used. In the case 
of the experimental papers none of the ordinary conditions of 
operation in the pressroom were changed in any particular. A 
single speed was maintained throughout the tests and the only 
adjustments made were those necessary to secure a good-looking 
sheet, such as changing the supply of ink to various portions of the 
type and adjusting the tension on the paper. Under ordinary 
conditions of operation in the pressroom of the St. Louis Republic 
there is one break to each ton (2,000 pounds) of paper run through 
the press. With the paper ordinarily used, 1,000 eight-page papers 
weigh 113 pounds. This corresponds to a sheet weighing approxi- 
mately 31 pounds per ream of 500 sheets, 24 by 36 inches in size. 

From Table 4, which gives the results of the printing tests, it will 
be seen that in some of the rolls, particularly those of white and Sitka 
spruce, there were a great many breaks. Almost all of these were 
due, however, to calender cuts on the edges of the sheets, scum spots, 
defective mill pasters, and poor winding. In the main, they were 
the result of inability to secure the best operating conditions on the 
paper machine before the supply of experimental pulp became 
exhausted. Difficulty with the spruces led us to believe that with 
proper operation on the machine practically all the trouble could 
have been eliminated. 


TABLE 4.—Printing-press data—experimental papers. 


ST. LOUIS REPUBLIC, APR. 29-30, 1913—67-INCH ROLLS. 


. ~ [<) ! i 
me 3 ons, i] ca e 
J (e138 | ee ee] Ge line 
= ~~ = Q co 3 on Oo Se) D 
5 ral MS eo. aD oq a 
q Bg eS mei ness Can eee Ell = 
3 2 a S se eB 2 2, 5.3 3 Remarks. 
Za ~ A ~ pm Ba 2m + A © 
| = B a ae ron 3 S| a2 
a bb a na bo ety ga BD Ay ops g 
8 ‘S = a ® ‘o 8 i) o~ 
2 2 a rS) Ss a) 3 
cay | Oe | vest 1 SI eae Z = = zi 
Lbs. | Lbs. | Lbs. | Lbs. Lbs. Lbs Lbs. 
6 | 1,015 50 2 {| 13.5 939.5 | 8,950 | 104.97 8.64 |... .-- Run good. 
10 | 1,478 44 17 | 20.0 | 1,397 13,020 | 107.29 | 29.24 5 | Breaks due to bad winding. 
4] 1,494 60 23 | 25.0 | 1,386 12,660 | 109.47} 29.85 8 Bile ot to calender cut (and 
oles). 
2 | 1,567 53 16 | 18.0 |} 1,480 13,710 | 107.95 | 29.41 |...... Run good. 
8 | 1,513 AQ see 20.0 | 1,449 11,890 | 121.86} 338.22 |...... Do. 
7 | 1,516 43 16 | 18.0 | 1, 489 12,030 | 119.61 | 32.61 |....-.- Do. 
5 | 1,425 56 21 | 22.0} 1,326 11,850 | 111.89] 30.49 6 | Breaks due to calender cuts. 
11 | 1,321 41 82 | 19.0 | 1,179 10,220 } 115.386) 31.44 3 | Breaks due to calender cuts 
(and holes). 
12 | 1,473 44 11 | 19.5 | 1,398.5 | 11,370 | 123.00} 33.56 1 | Unknown (cuts on end of roll), 


ST. LOUIS REPUBLIC, APR. 29-30, 19183—50{-INCH ROLLS. 


1 | 1,046 44 10 | 12.0 980 11,600 | 112.64] 30.71 8 | Breaks due to bad winding. 

1} 1,191 Bon ese 6.0 | 1,152 13,580 | 113.10] 30.84 3 | 2 breaks from scum spots, 1 
from mill paster. 

3 927 32 25 | 7.0 863 9,920 | 115.99} 31.62 14} 11 fueie calender cuts, 3 to bad 
winding. 

3 873 45 6] 7.0 815 9,400 | 115.60} 31.58 3} Due to calender cut and mill 
paster, cuts, and holes. 

9 | 1,134 OL pass a2 15.0 | 1,088 12,270 | 118.22 | 32.22 4 Do. 

9 | 1,027 B2 eee 9.0 986 11,020 | 119.29 ODODE Run good. 
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TaBLE 4—Printing-press data—experimental papers—Continued. 
ST. LOUIS REPUBLIC, APR. 29-30, 1913—33}-INCH ROLLS. 


g | 3 Bion ly eet hl brtaae bald 
oe (aN Fast es ogee) vee 
sj 3 | 3 Pa Fis, aie 4 lpeweee hes 
| a) Sey erro erie mon 
e a se “OD on ® 4, Bg rs Remarks. 
©. =) ae ° = 5, mH g A6 AS i) 
Z wd) re) ~~ oa, + 5p rey oO 
Gilarayi (sabes veidele eh obese |) BE seed ve 
£3) A 3) n om oma ge oe me g 
So) es A a Sell Set = Se 2 5 
a a a 4 = = ag | & S a 
Lbs. | Lbs.| Lbs.| Lbs.| Lbs. Lbs. Lbs. 
6 464 22 9 | 12.0 421 8,590 | 98.02] 26.74 1 | Run good; mill paster. 
NEW YORK HERALD, FEB. 14, 1914—66-INCH ROLLS. 
13 | 1,386] 145 72 | 19.0] 1,241 {812,170} 101.96 | 30.0 |.-.-.-.. Run fair; breaks due to bad 
} winding. 
14] 1,361] 97] 44] 19.0] 1,245 [811,422] 109.00] 31.5 |.----- Run good. 
15 | 1,346] 340] 280] 19.0 987 49,055 | 109.00} 31.5 |.----- Do. 
16} 1,224] 103 50 | 19.0 } 1,102 89,325 | 118.18 | 34.0 |.----. Run fair. 
17 | 1,181 80 40 | 19.0 | 1,082 49,155.) 1182185}. 34.0.|22.:-2 Run good. 
1 Figures for New York Herald run include waste and core. 3 150 spoils. 
2 No data on number of spoils taken at St. Louis. 4100 spoils. 


So far as inking qualities and finish were concerned, the experi- 
mental papers were entirely satisfactory. Many of the sheets, how- 
ever, had a muddy appearance, particularly when placed beside the 
light-colored all-spruce sheet. It was the opmion of the pressmen 
that, notwithstanding this, most of the sheets were very fair. Those 
which seemed most promising were the balsam sheet (stock 6,) 
which ran very satisfactorily, though light in weight, and in color 
compared favorably with the all-spruce sheet, and stock 9, containing 
374 per cent of hemlock ground wood and 374 per cent of spruce 
ground wood, which compared very favorably m color and printing 
qualities with ordimary news-print paper. Both of the lodgepole 
sheets and the red-fir sheet also had a good color. The tamarack 
sheets (stocks 11 and 12) ran well, but were dark. The following is 
an extract from the St. Louis Repuhlic ts the trial runs of 
the experimental papers. 

The paper was used to print a part of the issue of the Republic on both Tuesday, 
April 29, and Wednesday, April 30, these trial runs being the first and only efforts so 
far made to use the experimental paper in a commercial way. The Republic volun- 
teered to cooperate with the Government laboratory, and is gratified that it can report 
the paper used was of a quality to justify hopeful anticipation that substitute woods 


can be used which will serve to hold a good part of the paper-making industry on 


American soil. * * * 
RESULTS ENCOURAGING. 


As already remarked, the experimental runs developed results that were quite dis- 
tinctly encouraging. These, however, can not be appraised with any measure of 
exactness for several reasons. First of these was the fact that there was not enough of 
any one particular make of paper to enable the pressmen in charge of the Republic’s 
presses to acquire the familiarity that tends to good results. Sixteen rolls were sent 
for trial, and in only three instances were there as many as two rolls of the same par- 
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ticular composition. To make this handicap greater, it was necessary to constantly 
run two rolls of wholly different component materials at the same time, so that the 
press data was inevitably mixed and breaks in the running couldn’t be traced with 
the same satisfactory certainty that would have followed if only one kind of a paper at 
a time had been running on a press. The weight of the paper was also extremely 
variable, and tension set for a roll running heavy would, of course, have to be set 
differently for another roll running much lighter in weight. Despite these handicaps 
the demonstration was notably satisfactory in respect to running strength in more 
than one instance. 

The conventional standard of the paper mills, in the matter of weight, is 32 pounds 
for 500 sheets measuring 24 by 36 in size, yet one roll of the experimental paper, which 
weighed only 26.74 pounds, had but one break. This particular paper was made from 
balsam fir and was of unmistakably good quality apart from its quite surprising 
strength. Another roll of the same composition ran without a single break, and the 
trials apparently gave conclusive proof that balsam fir is good paper-making material. 
The red-fir paper also showed good results, but the weight being 33.22 pounds, the 
demonstration was not quite so conclusive. 


SUCCESS WITH NEW MATERIALS. 


Taking all factors into consideration, strength, color, and finish, the paper made 
from balsam and spruce ground wood in equal proportions, roll No. 10, stock number, 
was the most completely satisfactory. This paper weighed only 29.24 pounds, and 
the five breaks that occurred in running it were attributed entirely to improper winding. 
The paper made from white spruce ground wood showed unexpected lack of strength, 
speaking relatively, but, as might be assumed, was comparatively good in color. The 
matter of color is the point on which the most serious criticism can be made, but there 
is good reason for believing that this fault can be remedied. Consumers of paper 
always count on more or less difficulty at the start in getting the color established at a 
satisfactory standard, so this experimental paper can not be fairly condemned on that 
ground. 

But one kind of chemical pulp was used in the manufacture of these rolls, as the list 
already given indicates. It was hemlock sulphite in every instance. One roll, stock 
No. 2, was made entirely from hemlock, both ground wood and chemical pulp. This 
paper was somewhat dark, but it showed good strength. The press report shows five 
breaks, but they are attributed to winding rather than to the weakness of the paper 
notwithstanding it averaged only 29.24 pounds. Paper manufacturers have used 
hemlock pulp for years to more or less extent, but usually mixed with spruce, and it 
has never been ranked in the same class as spruce in the matter of quality. Ground 
wood made from hemlock has a tendency to develop unfelted fiber that stands up like 
whiskers on the surface of the paper, but the paper made from the Wausau laboratory 
_ pulp was notably free from this particular bad quality. 


The last five experimental paper stocks were tested on the presses 
of the New York Herald, New York City. A 66-inch roll of each 
paper, weighing approximately 1,200 pounds, was used. This 
amount was sufficient for only a part of one city edition. It was 
impossible, moreover, to run each stock over the same press, and 
the five rolls were divided among three Goss sextuple presses. In 
all cases the sheet was printed at the rate of 400 eight-page papers 
per minute, or 24,000 per hour, equal to a speed through the press 
of 760 linear feet per minute. As in the case of the tests at St. 
Louis, the pressmen did not depart from their ordinary practice 
except for slight adjustment of tension upon the sheet and impression 
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of the type required by the particular stock being printed. During 
shipment to New York the roll made from white fir (stock 15) and 
that from amabilis fir (stock 17) were considerably battered and 
torn at the edges. This caused the rolls to run unevenly at the 
start, though after a short time no trouble was experienced. 

The paper from Alpine fir (stock 14) gave a good, clean, white 
sheet, had a good surface, took ink well, and from the printer’s 
standpoint was considered the best sheet of the series. The amabilis 
fir paper (stock 17), although not as well formed, had a good surface, 
brought out the cuts fairly well, and was ranked second in the series. 
In general, the papers fed smoothly and the few irregularities met 
with were due to defects which could be easily prevented after a 
little experience in manufacture. 

Following is an extract from the New York Herald in regard to 
the tests: 


WORKS WELL ON PRESSES, 


When the paper was all run off the foreman said he had had no more difficulty 
with the experimental! Government paper than with any other that ever had been 
used on the presses. It fed smoothly, and while a slight imperfection appeared 
here and there, this was attributed to the mechanical irrecularities and not to a fault 
of the pulp stock. The amabilis fir and the Alpine fir were credited with being the 
best, having a better finish, better surface, better color, and with a much better 
formation. * * * 

The experimental runs developed results that showed that the Government paper 
was being printed under a handicap. In the first place, there was not enough of any 
one particular sample of the paper to enable the pressmen to acquire the familiarity 
that tends to the most perfect results. 

With all the paper different in texture, thickness, weight, and formation, it was 
necessary to run rolls of differing texture together, so that the press data naturally 
were constantly mixed and the few breaks in the running could not be traced with 
the same satisfactory certainty that is the case when one kind of paper is feeding 
through all the parts of the press. The weight of the paper was also variable, com- 
pared one roll with another, and the tension set for a roll running heavy would, of 
course, have to be set differently for another roll running much lighter in weight. 


DEMONSTRATION SATISFACTORY. 


Another handicap under which the Government experts worked lay in the fact 
that they had made up such a small quantity of the paper that they naturally did 
not have as fine a quality as if they had been able to experiment with a dozen rolls 
before they finally adjusted their machines to the ultimate product. Moreover, in 
its shipment it had been damaged, so that it rolled unevenly. Despite these handi- 
caps the demonstration was aint satisfactory. 

The general impression of the press experts was that the amabilis fir and the Alpine 
fir had given the best results in the press. These rolls had a blue-white surface and 
general softness that made it almost impossible to distinguish them from spruce 


papers. 

To obtain the opinions of paper producers and users, samples of 
the experimental sheets were submitted to a number of manu- 
facturers and publishers. Their comments tend to show that 
different sheets are favored by different individuals, a fact which 
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would seem to indicate that almost every sheet is satisfactory to 
some critic. Some of the comments are as follows: 

Some of the papers, especially Nos. 3 and 6, have beautiful color, but none of the 
samples are any darker than paper I have seen printed commercially, made from 
spruce ground wood and hemlock sulphite pulp. * * * 

Personally I like the appearance of sheets Nos. 6,9, and 10. Of these, I think sheet 
No. 9 shows up very well. I can not see why any one of these sheets could not be 
used for printing newspapers. 


I find considerable variation in color when the samples are placed next to each 
other, but I do not think that the variation is so great that the reader’s attention 
will be called to the color of the paper in any instance. In fact, I have seen many 
newspapers printed on paper made entirely from spruce wood which did not look 
nearly so well as the poorest of the samples submitted by you. 


All of these samples on the last run seemed to show up very well indeed, and any 
one of them ought to serve for newspaper purposes. 
PROBLEMS IN CONNECTION WITH THE EXPERIMENTAL WOODS. 


Some of the woods tested are resinous, which makes them unsuit- 
able for the manufacture of paper on a high-speed machine. There 
should be some inexpensive way of treating the resinous woods 
which would not darken them. It is possible that such treatment 
would have to be given in the beater. At the same time tests should 
be made on resinous woods at different times of the year, since it is 
likely that the time of cutting has a material influence on the opera- 
tion of the pulp on the paper machine. 

The color of many of the woods could probably be bettered by a 
suitable bleaching treatment while the pulp was being manufactured 
into laps or while the latter were being stored. Experiments might 
also be made to ascertain whether the sheets which are only slightly 
off color could not be brought up to the standard of white required 
for news-print purposes by the addition of dyes. 

A problem not directly connected with pulp and paper produc- 
tion, but of importance to it, is that brought about by the decay 
of the wood when piled at the mill and of the pulp during storage. 
Some of the experimental woods decay rapidly and are subject to 
attacks of insects and fungi. Some reasonably cheap method of 
insuring these woods against decay and insects will have to be found 
if they are to be used in any quantity. 


METHODS OF INCREASING THE EFFICIENCY OF GRINDING. 


There are in the United States approximately 1,500 wood-pulp 
grinders of different sizes, each of which utilizes on the average 350 
horsepower continuously. The amount of power applied to grinders 
has been increasing steadily from year to year. Where in the 
beginning of the mechanical pulp industry 125 horsepower was used 
on the or ‘inder, in many cases now 600 to 750 horsepower is employed, 
and in the case of the automatic magazine grinder from 1,000 to 
1,200 horsepower is utilized. Of the total number of grinders ia 
the United States upon which information is available 36 per cent 
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are driven by turbines and motors of less than 300 horsepower 
capacity and 8 per cent of the grinders are driven by less than 200 
horsepower. The work which has been described in this publica- 
tion indicates that a large amount of power to the grinder is desir- 
able. In order to utilize a large amount of power, the stones must 
be operated under conditions of high speed and high pressure, or 
they must be of a larger size than those used at the present time. 
Efficiency of grinding wood can be greatly increased over present 
average commercial practice by the use of higher pressure, since 
this results in the reduction of the horsepower consumption per ton 
of product. There are cases, of course, where such practice would 
not be desirable. If sulphite is available at low cost and power is 
expensive, this condition would surely obtam; but if sulphite is 
expensive and power can be secured at a low figure it is undoubtedly 
more economical to use a large amount of power per ton of product 
and make economies in sulphite by virtue of the fact that with the 
large amount of power better and stronger ground-wood fiber can 
be obtained. 

Keonomies in grinding, particularly as related to power, depend 
largely on the character of the material into which the ground wood 
is to be incorporated. For the manufacturing of such materials as 
wood-pulp board, as used in the wall-board industry, a long, coarse 
fiber is required, and this is most desirable, since fibers of this nature 
do not form as dense asheet. There are, as a result, a large number 
of air spaces present which retard the passage of cold and sound. 
For the production of pulp of this nature pulp stones of coarse grit 
are required which are softer than those usually employed for the 
manufacturing of pulps for other purposes. When using a coarse 
stone, a longer fiber can be obtained at higher pressure than when a 
finer stone is utilized. Consequently, it is desirable in the produc- 
tion of this character of stock to choose the pulp stone carefully to 
secure the best results. The matter of efficiency as applied to the 
manufacturing of stock for any desired purpose hinges, to a large 
measure, on a careful selection of the pulp stone to be used. 

It is common practice in ground-wood mills to use all of the pock- 
ets on the grinder in the production of the mechanical pulp. In 
other words, the total amount of power available for use on the 
grinder is used on all of the pockets and at the same time. Power 
can be saved and the efficiency of production increased to a marked 
extent by the utilization of a fewer than the total number of pockets 
of the grinder. If four-pocket grinders are used, it is more desirable 
to use three of the pockets contmuously and keep the fourth for 
surplus to be employed at times when one of the other pockets is 
being filled or when binding or other troubles are being corrected. 
When all of the power available on a three-pocket grinder is used 
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on three pockets, due to the need of fillmg and frequent binding of 
the wood in the cells, the total power is used about 88 per cent of 
the time. In other words, only 88 per cent of the power is being 
used continuously. When two pockets on the same three-pocket 
grinder are used to consume the total power and the third is kept 
for surplus, as previously outlined, all of the power is in use approxi- 
mately 93 to 95 per cent of the time. Here a saving can be made 
and the efficiency increased without the installation or use of any 
additional apparatus, simply by means of increasing the pressure 
on the grinder cylinders, since this would be necessary if all of the 
power were applied to two imstead of the three pockets on that 
piece of apparatus. Of course, this does not have as great bearing 
on the increasing of efficiency when grinders are motor driven; but 
in case of the direct connection to turbines it will be seen that it is 
of great consequence. 

When grinders are motor driven, the most efficient utilization of 
the power can be accomplished by the installation of a grinder-cylinder 
pressure-regulating valve controlled electrically from the bus bars, 
the idea being to increase the pressure when for any reason the power 
consumption falls off. 

Not only does the increasing of pressure on the cylinders result in 
the lowering of the horsepower consumption per ton, but there is at 
higher pressures an increase in the quantity of pulp which can be 
secured from a cord of wood, and this is another vital factor in the 
study of the efficiency of production of mechanical pulp. In any case 
it seems desirable to study carefully the grinding conditions, the speed 
of the pulp stone, the pressure employed, and the character and grit 
of the stone in use, since it is to these factors that practically all losses 
and gains can be traced. The manipulation of the grinder and its 
feeding and operation by the grinderman are also of prime importance, 
since without careful watching the binding of the wood in the pockets 
or some like difficulty may result in reduction of the production from 
the grinder and also in the lowering on quality of the resultant product. 
Even with careful watching there are times while the grinder is appar- 
ently running satisfactoril; y when hardly three-fourths of the total 
power senile for its use is being consumed, due to the binding of 
the wood in the pockets. 


FUTURE SUPPLIES FOR THE GROUND-WOOD INDUSTRY. 


Of the woods tested, Alpine fir, Engelmann spruce, lowland fir, 
lodgepole pine, balsam fir, white fir, amabilis fir, noble fir, Sitka 
spruce, western hemlock, and eastern hemlock all give promise of 
being suitable for the production of news-print papers. Color is here 
the chief consideration. An acceptable news-print paper can not be 
made from such a dark-colored pulp as that of tamarack. Yet this 
does not bar tamarack as a raw material for the ground-wood indus- 
try; it will give a thoroughly satisfactory grade of yellow manila. 


GROUND-WOOD PULP. 67 


Similarly, jack pine, which is also unsatisfactory for news-print pur- 
poses, can be used very effectively in the manufacture of box boards. 
When combined with a large proportion of sulphite any of the woods 
tested, except the hardwoods, should produce a satisfactory manila 
of a color other than white. For the manufacture of wood-pulp 
boards, jack pine, tamarack, loblolly pine, and larch, in addition to 
the woods mentioned as suitable for news print, should furnish accept- 
able material. When high color is desired, and a somewhat poorer 
one in the center of the board is not objectionable, black gum or 
poplar could be used as a liner, if combined with a small percentage 
of sulphite. In the manufacture of box boards from steamed wood — 
all of the conifers tested could be utilized, except where the product 
was to be astrong container board. The spruces, however, will yield 
a steamed pulp suitable for almost every kind of container. 

It will be noted that the great majority of the substitute woods are 
confined to the West, while the ground-wood industry at present 
obtains the bulk of its supply of raw material from the East. The 
industry, however, is really a frontier one. It must have a plentiful 
supply of wood and an abundance of cheap power, two things not 
readily obtainable in settled communities. As the regions in which 
the industry is now centered develop it will have to move on to other 
and less-settled ones. On the National Forests are immense quantities 
of many of the woods tested and abundant opportunities for power 
development. 


APPENDIX A. 


List of tables contained in Appendix A. 
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Conditions of cooking wood prior to grinding, Table 32, page 123. 
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APPENDIX B. 


(Containing the following paper samples.) 


Kina of wood used. 


“OUTED STO YRS 9 a 
ESV LUBEL DMM OC Koej=(2\2 = -ja)ae'> on == ose Snes te sone Sees 
PASTE ee eoien aac cijoaicecis on cee Sisco Sat ww tdle bees 
Lodgepole pine (Montana) .........--..---------------- 
DMECT CYT VOLOW DING </o<..2ccsscmcocedesnshcecesceeaceee 


aU SAIMe Terr aet saree cine ons cles vies Dace ee scsi eese ose 


Engelmann spruce (Colorado).......-...-..--.------.-- 
PREC ISsH ee faites aiaciae wali me eee aw eG ea cimekce 
HACIMING\— -- eee c -a=re Seo wadne aanaose HoQeneneMeBeemerEe 
RPMS OSPR lec. Sefeie 2 sacx'e se cisee ceesecceh scene nets 
ESC Leen fal S eg Sm Said Sejacicicce cea ciamelcasanieccis 
TST ee neg done cnc DORE e Ree CEE See eee eee aaa 
EGE he — SO ee ee ee rae 
Monlolly pine (fall Cut)... 252 2222220224 cdeeccecacccese 
Hoblolly. pine|(spring cut)-...-.--.-.-..---22-20-22.-20- 
MCT ANTS ee ee ae ole ais wie aon saeeecacuebilsibesee 
Engelmann spruce (Montana)................--..------ 
DMESLORIMALCH Mee nea. eee le tiinewcc cic ceeceaetaeeicene 


1 Or No. 62. 


Untreated wood. 


Stock No. | Stock No. 
Unprinted | Printed 
news. news. 
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2 Or No. 10. 


151 


White Spruce. 


Grinder Run No. 222. 


Western Hemlock. 


Grinder Run No. 18. 


Sitka Spruce. 


Grinder Run No. 19. 


Lodgepole Pine. --- Montana.. 


Grinder Run No. 26. 


Western Yellow Pine. 


Grinder Run No. 27. 


Balsam Fir. 


Grinder Run No. 22. 


Ke 


rN 


Balsam Fir. 


Grinder Run No. 23. 


Lodgepole Pine. --- California. 


Grinder Run No. 26. 


Grinder Run No. 19 


Hemlock. 


Grinder Run No. 63. 


reiecy: 


ee : 


Tamarack. 


Grinder Run No. 53. 


Tamarack. 


Grinder Run No. 54. 


Noble Fir. 


Grinder Run No. 16. 


eT a 


at 


") 
Ren 
re 


Alpine Fir. 


Grinder Run No. 13. 


Engelmann Spruce --- Colorado. 


Grinder Run No. 19. 


Amabilis Fir. 


Grinder Run No. 15. 


Jack Pine. 


Grinder Run No. 27. 


White Pine. 


Grinder Run No. 8. 


Aspen. 


Grinder Run No. 2. 


Birch. 


Grinder Run No. 9. 


Black Gum. 


Grinder Run No. 


Loblolly Pine --- Spring Cut. 


Grinder Run No. 28. 


Lowland Fir. 


Grinder Run No. 13. 


Engelmann Spruce --- Montana. 


Grinder Run No. 16. 


Welty 


& es a EA 


‘i Msc ep 
Sy 


Western Larch. 


Grinder Run No. 8. 


Stock No. I. 


. edi at bd Ts hg 


22 Wears’ Experience, 17 
Years in-St. Louis. ‘As. 
sisted a. Staff 


Skille} Bye Specialist 


ATION, 615 LOCUST ST, 


Jeilly Optical Go. 


by 
S. 


59, 615 Franklin; dementia. 
Ws. 77, 2205 Dickson;  pneu- 
a y 


ert, 8. 2847 Osceola; tumor. 
erman, 33, 2120 Adams; heart 


fe 

Jt, 50, 2622 Indiana: carcinoma. 
51, 2115 Mitchell; hepa- 
8 


57, 8020 Prairie; nephritis. 
20, 4851 Haston; heart disease, 
88. 1315 Morgan; tuberculosis. 
69, 5009 Delmar; sclerosis. 
62, 800 Morgan; pneumonia. 
18, 8111 Garesche; apoplexy. 
ermott, 58, 2712 N. Glasgow; 


2822 Papin: nephritis. 
er, 38, 4463 Warlin: heart dis- 


n, 30, 3135 Brantner; tubercu- 
ity 

' 25, 4180A Green Lea place; 
i ‘ 4 

va. 64, .4015 Page; apoplexy. 
{siz Picker; nephritis. y 
tcour, 74, 1118 S. Ninth; 
herson, 81, 3013 Easton: phthi- 


20 


ne- 


08, 3932 Finney: heart disease. 


MISSOURI, 
WN CITY, Mo., April 28.—Char- 
‘ted by Secretary of State Roach 
+ following new corporations: 
alty Company, Kansas City; 
-, _$8,600. Incorporators—John 
/. &. Heuben and H.-J. Flucke, 
Ovinger Investment’ Company, 
Capital, $21,000. Incorporators 
Rworth, A. EH. Berry and Lee 


Mining Company, Webb City; 
00. Inecorporators—T. W. Hill, 
a W. R, Shuck. 
ILLINOIS, 
BLD, 1ll., April 2 
“ds to-day issued c 
'to the following: ‘ 
ympany, Chicago; capital, $5,-» 
jerators—Arthur S. - Banning; 
son, Aeon A. Aischuler, 
%t Company, Chicago; capital, 
/orporators—Geo. Costello, 
pennessy, Wm. R. Swissler. 
irdsen Metal’ Frame Action 
jhieago; capital, $180,000. ‘In- 
ohn K. Lenox Jr.; C. J. Sulli- 
ullivan. 
fanufacturing Compzny, 
$25,000. Incorporators—Hen- 
A. P. McArthur, -A. L. Blunt, 
ry Company, Chicago: capitai, 
‘Tporators——Albert H. Fry, Ota 
David Hurlburt. 
tug Company, Chicago; capi- 
Incorperators—Max Shulman, 
man, Mannie Salomon. 
niture Company, Chicago; cap- 
| imeorporators—Albert i etry 
toot, avid Hurlburt. : 
1% ©. Chisago; capital, $2,500. 
Samuel H. Fein,. Barney 
“am H, Patrick. 
focer Company, Edwardsville; 
nO. Incorporators—Frank Spind- 
feimer, Wm. Foehrkolb. 
onstouction Company, Chicage; 
sed from $100,000 to $500,000. 


8.—Secretary 
ertificates of 


Chi- 


OST AND FOUND. 


bsacelet, sot with 10. 


ses Oe 
Calyary Cem 


pected atd visitors cordially {uvited. 


+ 


aides Oita ied ba cate doi! Le 
nue, to St. Matthew's C1 hence — 
etery,. Friends are invited t 


attend.) Bae. eo i 

WARD—Entered into rest on Monda 
28,1918, Bridget Ward (nee Kelly). 
of the late Michael and Lawr 
and Annie Dinnins (nee W 


hick 


y.April | 
mother + 7 


ence Harty 
ard) and dear sis- 


ter of. Mrs. Mary Laughlin of Richmond, SEAM R 
Va., aged 76 years... © 3 if suitable, 14 2 : 
Funeral will take place Wednesday, April] ~ wasHmRWOMAN——Gc 


30, at 8:30 a. m., from George Kriegshauser 
Undertaking” and livery Company’s ehapel, 
4102.:‘Manchester avenue, to St. Cronan’s 
Church, thence to Calvary Cemetery. Friends 
invited to. attend, 3 
" WHITMAN—Ente 


do washing on Monday, 
WRAPPHRS—Girls t 


Kinney Bakery. 


stamped envelope for p; 


: . si ialty Co., 564 Was 
April" 27, 1918, at her: home, 4556 Washing, | woe) ti 
ton avenue, Annie R. Whitman, widow. of 
Charles EE, Whitman’ and sister of Mrs, 


Ba 


GIRLS WANTED 
Peckham 


Funeral. from residence, Wednesday after- 


- ments. 


Rang: 30, at.2 p. m. Interment pri- iw Tt. & § 
vate. . =4 : , r 
Py ts cas 2 PS it + {QRS RRR 
OFFICERS and. members. of the Gertrude | —————— ————__— 
Charity Society are hereby notified to attend 


the funeral of Sister Lizzie 
Tuesday, April’ 29, at 1 
Rindskopf chapel, 


Seligman, on 
0_a..m... from Isaacs- 
435 North Buclid avente, 

MRS. F. SPIEGEL: 
ae ee elena 


- WAGONER UNDERTAKING Co, 


3621 OLIVE. DAY AND NIGHT, 
No Charge for Wagoner Chapel. 


ae ee 


HELP. WANTED 


Cierks, 


Al ‘stenographer-privat 
Leigh Bros., Frisco bldg 


BOOKKEEPER — Th 
pookkeeper, with executi 
Leigh Bros., Frisco bldg. 


COLLECTOR—Young 
traveling collector; salary: 
railroad fare. Apply betwé 
a. ms 501) Benoist bic. ae 


GROCERY CLERK—Cit 
references required. 954 


ri 


MASONIO 
~~ ORGANIZATIONS. 


a 


The Trae 


GEORGE WASHINGTOls A PAPHRH 
4 


LODGE. NO. 9, ANGER; ¢o 
A. EF. & A. M., will_hold, special communica-.| work; best class of work; 


tion, Tuesday, April 29. at 6 p.| m.. sharp, 

for work in the’ Entered Apprentice degree. 

Visiting brethren welcome. 

a WAL. S.. CAMPBELL, W. MI. 
m. 


L. Reynolds, Secretary. ¢ 
MISSOURI LODGE, NO. 1,.A. F. & A. IML, 


will hold a, regular meeting on Thursday, 
May 1/7913, at 7:30 p. m. Work: in the de- 
rees. All, Master Masons are cordially and 
raternally invite to attend. 

ie) caheos.  MeliVAN EY, YW. MM. 
Anthony If, Thiner, Secretary. 


TUSCAN LODGE. NO. 360, A. Fv & A. M.— 
Special meeting at Tuscan Temple, 7:30 p. mi, 
Tuesday, April 29, 19138: Work, EH. A: and 
C) degrees.) Visiting brethren welcome, 

: JAMES W. SKELLY, W. M,. 
Alfred H. White, Secretary, ; 


WEST GATE TLODGEH, NO. 445, A. F, 
A..M., will hola a special communication 
this Tuesday, evening, April. 29, 1913, at 7 
o’clock for work ‘in the Master.Mason de- 
gree... Visitors ‘fraternally invited, « 

‘ FRANK LANDWEHR, W. M. 
Fred J. Kurtz, Secretary. 


this morning, 26091 Was! 


BARBER— 
First-class barber. 01 
BARBER —Steady jo 
16th st. a 
BARBER—Good barber; 
atta ots ; 


% 


5 


N 
BARBER — Good gua. 
Franklin. : 


“BARBER for evening an 
601 Hickory. f 


BARBER—Steady; $12 % 
1401 S, Broadway. 


« 


BARBER=First-class y, 
week. 8208 Park. 


BARBER—Steady man 
and room. 33887 N. 1ith 


BARBBR—Steady job 
come ready to work. 14 


BARBER — Honest, 


O 
a 


sob 
ORDER 


INDEPENDENT Or opD wages, board and laundr Tel 
REMC: ta BARBER—Good barbe 
BENTON. LODGE, NO. 275, I. O. O, F.,.| Saturday: good. guarante 


meets every Tuesday evening at 8 o’clocls, 

Wagner’s Hall, ea and Texas avenues. 
isiting: brothers welcome. 

y g e Cc. H. BULER,'N. G. 


BARBER for Wednesdé 
Saturday: $5 guaranteed. 
~BARBRR—Union barb 
4435 Gravois. Call 


Brmil Klug, Secrétary. 


ROYAL LEAGUE, 


HAMILTON: COUNCIL, NO. 102, ROYAL 
League, meets at Huclid Hall, Buclid and 
McPherson, every second and fourth Tues- 
day, R. M. GILLILAND, Archon. 
A, B. Berne, Scribe. . 


SHEARS, $1.40 and $1.50 
BERG, 502 N, {th st., z 
razor and shear grinding solic 


“BENCH MOLDERS—A 


“ANCIENT ORDER OF HIBERNTANS, 


dys a cy Pal y nd 
DIVISION NG. 6, ANCIENT ORDER OF |’ qijcee perenne 


Givens, Ferguson, Mo, 3B 


Hibernians. meets every second and fourth - 
: th: h in Hibernian Hall,. CARPENTERS—Appk 
quseden eo oreuuayee ap ea tional Stock Yards, Tl. 


Grand and Finney ; 
: JOHN P. ENRIGHT, President. 


. Jas, li. Kelly, Recording Secretary. Cea 


GE PAINTH 
Jiand Clark ay ely 


CLEANER 
tlemen’s eli 
Hotel, 


‘KNIGHTS OF PYTHIAS. 

PACIFIC TP.CDGE, NO. 304; K: OF P (357 
Pine’ Street—On Tuesday evening, April 29. 
important busiress meeting. Members ex- 


P- 


a 


Stock No. 2. 
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Dr. Maurice Sturm in Charge in 
New York—Contract With .. 
| Eisner Signed. 


NEW YORK, April 28.—Dr.. Friedrich 
Franz Friedmann. will depart to-mor- 
row for Montreal, where he is to in- 
spect patients he treated in that city 
about six weeks ago. 

He will return here within a few 
weeks to begin the instruction of phy- 
sicians in the use of the turtle cultures 
at the Friedmann institute, which will 
be established in. accordance with the 
contract Dr. Friedmann entered into 
with Moritz Hisner. 

The first authentic announcement that 
the contract was made was issued when 
I. N. Lehmann of the law firm of Lev- 
-entritt, Cook & Nathan gave out a 

statement saying that “au arrange- 
;ment’ had been definitely arrived at 
| between the specialist and Mr. Hisner 
providing “for the preparation and use 
of the Friedmann vaccine in the Unit- 
ed States.”’ 

It was denied that the idea of having 
the vaccine prepared in each State at 
the institutes to be established in each 
was intended in any way as a method 
by which interstate traffic in the cul- 
tures and interstate regulations of the 
Government might be evaded. 

Dr. Maurice Sturm, who will repre- 
sent Dr. Friedmann, mads this state- 
ment to-day: 3 

“The ‘first Friedmann institute” will 
bs established in New, York City after 
{my return from Canada. .The upper 
floors. will be fitted out as laboratories 
and. operating rooms. There will 
beds in the institution. No physician 
|in this State except my assistant and 
mygelf will have any of the serum. 

“will be the head of ‘the institute 
here, and under no circumstances will 
we sive any of the Friedmann cure to 
any physician. The charges will. be 
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My-Letter Pz 
Nightshirts are 
gatments that 
young men of 
taste have desire 

With your own 
handsomely embroi 
handkerchief pocl 
“Faultless’’ sleeph 
have the intima 
touch that adds a 
charm to the most 
restful. nightwear 
owned. 

These garments 
celebrated . Fault] 
made in a- variety) 
and. sizes. They co 
large raised initial 
broidered on the pi 
All Sizes in Aj 

Here are two 
these tew garment 
our Men’s Nightwe 

‘*Faultless’ -My : 
silklike in appeat 
longer than silk. Ce 
neck, ‘and trimmed 
of: silk frogs. Wh 
Unusual value at $ 
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ae Boston. Locals Bombard Three an 


BY DICK COLLINS. looking for right off the 
Three out of four from the Cincin- | O@kes punched a sing! 


E A is re) n 
nati Reds is going some for a team ing), MOWER (mini 8 


that lost three out of four to Pitts-| second. Gee, how fh 
burg and two out of three to Chi-|love to zing the 

Leag cago. ‘“Hug’s’’ men believe in making aa ee ae apr ant 
Pager onorts hay while the sun shines. ee 

a uney at ‘Springfield, There was a noticeable improvement. 
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- Western Yellow Pi 


orecast: by States. 
GTON, D. C., April 28, —Forecast: 


ir and warmer Tuesday. 
robably fair. 
air and warmer Tuesday. 


- probably fair; moderate, varia- 
Generally fair Tuesday and 
ki Fair Tuesday and Wednes- 
mate south winds. 

as—FPair Tuesday and Wednes- 


and Nebraska—Fair Tuesday and 
rey: not quite so warm 


{Fair Tuesday and Wednesday; 


rand warmer Tuesday. Wednes- 
Hair Tuesday and Wednesday; 
perature; moderate, variable 


——Fair Tuesday and Wednesday ; 
erature, 


ons Sapa at 8 p. m., seventy- 
lian t ime. 
a4 A 


. Mx. nia ea cater. 
64 ear 


ee tek cloudy 
. Clear 
Rain 
Cloudy 
«... Clear 
-. Clear 
. Clear 
Cloudy 
-.. Pt cloudy 
. Clear 
Clear 
.. Clear 
.. Clear 
.. Clear 
-.- Clear 
. Pt cloudy 


Pt cloudy 
Clear 
. Clear 
.. Clear 
-.» Clear 
. Clear 
Cloudy 
-. Clear 
.. Clear 
. Clear 
Cloudy 
- Cloudy 
. Clear 
Clear 
: Cloudy 
Rain 
.. Clear 
-. Clear 
. Clear 
Cloudy 
. Clear 
32 Rain 
Cloudy 
. Clear 
; Clear 
-. Cloudy 


Ng Clear. - > 


leis 


* 7 
“te water tree : of asteeenta. Water thit sbacitg the m 

_ erals of your system and sluices ey 
dregs of the body. 


It’s not food that counts—it’s wa 
Spend a few dimes for CRYSTAL WA 
and be happy and healthy. 


A Cooler Free. 


Five es eg CRYSTAL WATER 374 


Yi sole in year home. The d 
rereentOd G.delvery. . 


St, Louis re Water and Soda G 


Main 600. Centra] 3 


Woctern Yellow fine 


The Jefferson Mutu 
Insurance Co., of St. 


OFFICE, No. 317 CHESTNUT ST. ee ae pret 
Phone—Bell, Main 1665. Kinloe 
This company begs to inform its members and the general p bet 
in position to write Fire Insurance after April 80, 191 8, as he 
servative policy of underwriting will be carried out as in prev 
If.you have desirous business to offer, call or phone and 
service, 
The fellowing well-known 


AY a!) j .€ 


a 


| 
le 


business men compose its office: 


Aug, F. Kiasing, 


Julius L. Winkelmeyer, 
President 


Vice-President 


AGENTS, 
Otto A. Hamve 

Adolph T. Prag 
Matthias Backer Jr. 


i DIRECTORS. of 
| mM Wm. G, Mueller Wm. Koenemann Gustav E> 
= Otto J. Wilhelmi Otto F, Stifel ae ; 
% Christoph Hilke EF. W, Hoffmeister Ese 
@ Aug. F, Klasine Henry Griesedieck Jr, Jules 
| ie F 


C. Kraleman & Son 
Mies Alice Weeman 


BE Chas. T. Besseh! 


All trains will be Resumed 


| - St. Louis to the 


via 
BALTIMORE &O 
Southwestern R. R. f 

Effective at Midnight Sunday, Ap 


With the exception of “Queen City Limited,” leaving St. a 
which has been annulled for the present. 
D. Gild 


ir 


F. 


ON BOAT 


Wayor Makes Trip to Chesley Islané 

on Erastus Wells, 

The -harborboat Hrastus Wells, the 
vessel on which ‘former Mayor Kreis- 
mann and his ‘“eabinet’’ of advisers 
met and dis¢ussed city affairs almost 
weekly, last summer, was the scene yes- 


eee Thy 


KIEL MEETS B. P. |. PROTESTANTS 


Joint Commission — 
Adopts Me 
COLUMBUS, 0., 4 
commission of the 
and the United Bre 
session here to- 
adopted a basis of 


pha BE ae) GM ER ONS: RT Se a Ss 0 Cea Se, ae 


ve mL es) Nt eae eet 


fOur DOVS. WLISH UVatw- fk ELA Rar VD phase pe Obed he DS BN Ciiaye 
' yaledictorian and Misa | Two Hundred Strike at Baker Found 

‘salutatorian. (The fol-} When the whistle at the Baker Foundry. 
tes: Misses Mattie Con-} Belleville. blew yesterday morning. 200 men. 


_/Letha BE. Hard. Nellie walked out of the shop on a. strike because 
ge Wilton, William G. | the company has failed to employ union men |‘ 
“; and Russell Carter. in the polishing room, Beret de tty i 
$ COUNTY. MARQUETTE: RECEIVER ASKED} 


“aess Men Banauet. Bs fh) mit F 
iness Men’s Assoclation.| Court Is Petitionea to Remove Officers 


banquet last night at of Downtown Hotel. his 

ewood, resses wer ‘ i ¥ j 
Atiarioy Cann Ata! Arthur Thacher applied to the Cireuit 
-Nurdeman. Court yesterday for a receiver for the 


and over, lic: do, less than 4 1b 
large, collar bones off, 10c; do..) 
lar bones on, 9c: bullheads, dresseé 
collar bone on, 6c; white perch, dré 
‘do. round 2%c; grass pike 5c; eel; 


an Glancy & Watson Hote] Company,which | under-weight, at 6@7c. Sheep 
TES IN SESSION | conducts the Marquette Hotel, at Hight-| bucks at 3@te, Riartns jae 
is lambs—Choice fat, weighing 45@5 
Refers Free Brtdge| The company is capitalized for $100,-)2t $4.50@ | per head, ismall ang 
5 000. Thacher owns ten shares of the full-wooled. 
as Orgavizations. ne OO ASTING PIGS—Quote, each3 
$ attended the res-| manager, owns 750 of the 1,000 shares.| FRESH BISH—Quote, per J] 
Iting of the beehat The company was organized in Feb- dressed... OF e, 14a. Funes ae 
[the Public Library |7uary, 1907, with Glancy and M. D.} ; do. Ne 3c; sunfish 2% 
rE Watson managers at salaries of $3,600: % 
‘ound for more parks | 80n’s interest.in August, 1910, and has 
Ost assessed against| been drawing $600. a month salary, it 
t. The court is asked te remove: Glancy 
Pin ees and the Board of Directors and require t 814c; frogs, large, per doz. 
iperintendent »f the G. red ree Se Oat canal he. f 
1 by. that institution SENT T SNe FEATHERS—Prime white live) 
fablishing of a larger] Engineers Discuss St. Louis Chapter. | Prime gray do. 44c; old white 

: tare 10 per cent on small sks.) 
‘pproved tke bill for| ton, president and secretary; respect-|latee. Duck—White 44c; dark 3¢ 
“f the street car sery- | ively, of the American Institute of Min- |quill-mixed 2c. Turkey—Body, © 
Re : : : ‘ ‘hit 1 WAX—Quote prime at 3. 
“nission. The Free| dinner at the St. Louis Club last night eee and farerior legs. ; 
referred to the vari-| by Missouri and Illinois: members’ of aE Ae 


lbs., as well ag 
: f to 6 Tic for choice © 
eenth street and Washington avenue. * TOE ay Ge 5G 
Sheared sheep sell at le and Line) 
Prepresenting fifteen | Stock and T. H. Glancy, president and |.,+ g2@2.25; 25@80-Ib. at $2.75. 
dressed, large, 6c; do., dressed 
bh spoke in favor of | 2 year, it is stated. Glancy bought Wat- 
Was benefited by is asserted. 
shell turtle, dressed, 7c; do. round 
i a! an accounting. 4 Bs 
3-House, told of the Vike it take Hides. Furs, Wool, Ete, 
“part of the city, Charles F. Rand and.'Bradley Stough-| toto per cent on stall “sie 
—Prime dry-picked body 3c; wet, 
ie repéal of the Fub-|ing Engineers, were entertained at a es 8c. 
ELTS—Quote full we 
the association. The advisability of or- 


$1 each for green or dry; small 4 
: spring lambs at 10c to 20c—lattem 
ling for the ventila-| ganizing a local chapter of the insti- eS sateen ee Th: Stor eh 
Ss, for the wrapping | tute as a ‘get-together proposition’-for |, GOAT SKINS—Quote at 25 @ 4007 
the disposal of ashes, Missouri and Illinois: engineers was dis- Be ae four sialle lotta Cet 
ve ayproved. cussed., .Both, Mr. Rand.and Mr. Stough- 
«Ebene ton addressed the .diners, while other 
0 RACERS HELD speakers were former Goy. D. R: Fran- 
ix ‘ cis, H. A. Buehler, State Geologist, of Quote, 


Rolia,:Mo., and Capt. R. Wi: Hurt of |17c for low to ~19¢ for ef 
Chicago: “112c for heavy to 16c for ligt 

, '15@17c; burry 11@18c for hai 
for slight; Southern 10¢ f 
burry.to 17c for clear; fall clip @ 
to 16c. and fine lic for sandy; Te 
medium 16@17c; do. heavy 14@1 


—— 


Ses Arrest of Two in 
jlave. Case. 

Cal., April 2§.—Delv- 
i¢ white slave bands ' Poultry. 


Be police to-day ar- NEW YORK, April 28.-Live Poultry—To- ah = ; 
Rigas pnd Richard |\02y is the Hebrew (Last: Passover, and with Srieiie Saeaiginegt 10¢ to 180 for fi 
| the buyers absent, there, was no business | for hard burry to 16c¢ for sligh 


tomebile racing driv-| and no poultry was upnloaded. Some:9 cars| 0c for burry to 28c for clear: 
preferred by Evelyn arived on trk., but will not be unloaded till }15c for burry to #5¢ for short el 


| to-morrow. Legis . . | fer long lustrous. # 
dd sachoolgiri. _Dressed Pouliry cunts 1,488 pkgs. moO CROWES OF WoOOoL—te 
rresied in the apart- Very little fresh-killed poultry here, of any |successfully with foreign growth 


description, a few lots of fowls went realize top market prices, it is m 
mer society woman, | 18% @19e, ‘put large fowls are difficult res put. the Sr ocicne ee ake 
$ now suing for di- | Strain up to 18%c. Old roosters, scarce and | tion. The wool must be well cared 
. firm. Squabs a trifle easier and only fancy jit is sheared, and when sheared 
‘orth tried to evade |exceeding $4 on an’ 8-Ib. average.” Thera |in fleeces. with a light, hard gla 
ding himself tn his were a few lots of frozen fowls thrown on After all dung, skirts and other fa 
i 4 the market and he!d al to 19c, but buyers | ter practicable is removed, shouid 
Blice ture down the|are reluctant’ to pay that price, and very |Separate from burry, damp, cha 
little business a see Frozen STB atein fine,, ete. and otherwise made aswmll 

th more confidence: ‘ © |as possible for manufacturers. : 
RS AEE SECS erty - i Misazer turkeys PURS-—The season 1s virtually 
; ; -Ki Poultry—Dry-pac are as offerings are more or less) 
da to Succeed Dunn. nae ss @ ose; tome, youn ee aye Nees prices are about, two-thirds of © 
apt. William J: Mac-} qo. old 21c. 4 any igh aes. | Wes, Corrente evens 

‘ ae s—Box-packed, ‘bird é coon 25c to y 1 to ' 
ice of Supervising, In- EN Oa ses , 60 lbs.,. 19¢; site Phe dy to 50c. skunk (Central) Tbe to $1 
joats in the St. Louis | 19c: do., 36@42 lbs., 17% @18%c; do., under | 52t (do.)\ 40¢ to 46e, civit 50c to 
36 ibs., 16@16%c; d6., bbls, “over '5 Ipe | cat 10@ibe, gray tox $1@1.50, ré 

ed Joseph J. Dunn,) jgic."ao., 4 lbs. each, 18% @19c:' Western | @4: wolf 2c. ; : 
weeks ago, was sent ag ale ie aa Bile ogee | fo. DBS Sas Oe ae tae 
Bi ch, 17@18c; do, s., So Y ers : ; : 

St week. ‘Capt. Mac- ORIN te dadieaey 1744 @18% ce: sealae eae Green salted in light, receipt 
"nited States Inspector | other Western, av., 1742 @18 Yc. S++ |g00d many “‘shedders’’ which 
5 5 : 2 Old Roosters—Dry-picked 14%; do. scajqa- | ble. Dry auiet. 
Jers in this district} eq 14 Vac. g maa Se. 
The promotion will| ,.Saue s--White. fancy, 10 Ibs. to do btnSaTeee 134 


n the office of Inspec- B ibe. to doz, 1 

; : 5 60. do., sma “to q 
“his will be filled by 23°38 02.80: culls, per doz, are. inte doz., | ; A 
1 the civil-service list Guinea BEM s pe pair, 85@90c; do. Glue stock 


‘ ir, 1 i Fi . 
Sea. Atatih be AiREriCkL ae oung, per pair, $1@4.05. 0 ay a Se). ' UWneured 


From Reds (LAS CLASSY FIELDING 


A feer | Fi irst 
lena! 


fms instead of playing in- 
At this stage of the 
was taken out and Works 

owell wore a smile as he 
x and Works advanced to 
with the solemnity of a 
orks got what he was 
‘ight off the reel. ‘“‘Reb” 
single to center, scor- 
Sheckard, Marsans 


Oakes grabbed 
we ly, but snappy playing cut off most of 


Te 
J B. GHEE 
Mra 
ROY STO 


By George M cManus 


ie ke cen COC \ 6 
TWELVE OCLOLIK - 
IVE govy TO 
<0 ON MY 


Balsam 


MAGGIE — 
ARE xXoOU 


MAD ? 


‘ 
if 
: 
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ees we a 


“Au 


REAL 


NS FOR TERS) TOW 


Angerer Allows Four Hits and | | Light Weights Clas 
Pollom, in Box for Kansas at Future City 
Aggies, Gives Five. To-Nig 


While Harry Trende 
vorite over Pierce 
ture bout of the bom | 
Future. City A. ©, to: f 
the latter point to t© 
has never been peated 
may spring a surprisi |!) 
to Drendall is one of, 


COLUMBIA, Mo., April 28.—Brilliant 
fielding gave the Missouri Tigers a 2-—1 
baseball game against the Kansas shake 
gies this afternoon. 

Both sides got men on bases ducneries 


ore 


chances of 


rlatpeniabeieidasid sspte ad Uh aes 


A ee 


e Mrs. Pankhurst’s| Congressional Delegation to Jef-| \ 


While Suffragettes 
ae house for Siege. 


2d With Provisions 
on for Battle 


8.—The expiration of 
s¢ under which Mrs. 
st, the militant suf- 
s released April 12, 
‘Where she was 
imprisonment, 
awd to assemble, to- 
where she has been 
Om the effects of 
Ref 


cae} 
tation of seeing her 


d to extend her license 

tisfactory health. 
he occupants of the 
ankhurst was stay- 
in a State of sieze. 
ed with a two months’ 

Ss. 

F her family ana Sore 
rents were quartered 
upper floors, leaving 
niture on the two 
hd this was plainly vis- 
uncurtained windows. 
door was barricnded, 
he password being ag- 


feminine 
the house 
during the 
ing crowd. tried to 


quare Which the house 
éd by a strong force of 
houstholders and their 
POMS : 
wed to pass the line. 
rts of militants arrived 
ly meeting, only a few 
ating the cordon and 


| Louis for a 


ferson Ceremonies in St. Louis ] 
Quit National Capital. 


HIGGINS ALSO IN THE PARTY 


Page and Swanson, Who Expect- 
ed to Come, Have to Aban- 
don Trip. 


WASHINGTON, D. C., April 28.—Four 
Senators, eight Representatives and 
Sergeant-at-Arms Higgins of the Sen- 
ate and Gordon of the House departed 
this evening to represent Congress at 
the dedication of the Jefferson Memo- 
rial in St. Louis Wednesday. 

Senators Page of Vermont and Swan- 
son of Virginia, who had expected to 
attend, found it impossible to Zo. 

Wesley L. Jones of Washington, Wil-- 
liam Hughes and James E. Martine of 
New Jersey and William §, Kenyon of 
Towa are the Senavorial members of the 
party. : 

Mr. Jones is one of the few far-West 
Republicans who remained a supporter 
of Taft for the Republican nomination 
last year. . 

He was the only Senator who, having 
voted for the expulsion of William Lor- 
imer when the Illinoisan’s claim to sit 
in the Senate Was first tested, changed 
his vote when the sccond test came. 

When elected Senator Kenyou was an 
Assistant Attorney General under the 
Taft administration. 

The House committee are: W, A. Cul- 
lop of Indiana, W. Pp. Borland of Mis-| 
Souri, J. Charles Linthicum of ‘Mary- 
land, George White of Ohio, Julius 
Kahn of California, S. ¥F, Prouty of 
Towa and lL. © Dyer and Richard Bar- 
tholdt of St, Louis. 

J. Thomas Heflin of Alabama, decid- 
ed he could not male the trip. 

Mr. Borland. who represents the Kan- 
Sas City district, Will substitute. for 
Collier. of Mississippi and Mr. Linthi- 


cum for Covington of Maryland. Messrs. 
and Prouty ]'4; 


Cullop, Linthicum, Kahn 
are “old members.’’ 
Immediately ‘after the 
mony Senator Kenyo 


visit to 


Distinguished guests. 
ipate ‘in’ the dedication 
Memorial building, the: 
Jefferson statue an 
of the Fourth Ameriag 
eress already are ‘arrivyi 

Andrew Carnegie, whi 
address Thursday afters 
sion of the Peace Con 


a to reach St. ‘Louis to-m 


or Thursday morning. 
companied by Mrs. Ca 


{be the guests while 


Robert S._ Broo 


Sees A 
Lindell boulevard. e | 
Miss Natalie Norton off 


@ lineal descendant of 


Former Judge Selden 
preside. A student ff 
Missouri colleges wil 


}first prize of $75 is o 


tercollegiate Peace Ass 
second prize of $50 is 
American Peace ‘Cong 
Central College, at 
Tepresented by Bdwa 
who will speak on 
Peace.” John Leo Ti 
University Will speak 
Peace.’ George C, W : 
versity of Missouri will s 
Too, Are Brothers.”? 
Washington Universi 
sented by 
Cration 


lege, at Fulton, is repre 
Poage Dalton, His su 
mand for International 
liam Jewell College, 
represented by Frank - 
will have for his 

Total of Wretcl 
More thay 
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Governor of California | 
State Is Acting Wit) 
Rights. ©, 
TWO HOUSES MEET Ff) 
| AFTER SECRETARY} 


‘ 


i 

| Washington and Arizon | 
sue in Secret Ses: | 
| Assembly. 


SACRAMENTO, Cal., Ap: 
; Second executive session 
| fornia Assembly, which 
| o'clock this afternoon, 
; Johnson practically, defied 
administration and made 
; Which some of the membej 
jized as an insuit to the 
| authorities, 
; He reiterated that Califa¥ 
; purpose doing anything in 
; antialien legislation more 
(tory against the Japanes 
Federal Government had 
dent for. 

It is reported that the G 
ther remarked that the 
would be justified in going 
{its proposed antialien legi 

Stating his position to the i 

Gov, Johnson said, in part: 7) 

“The bill proposed for pas 4 

California Legislature can 9 

just eriticism from the nati ¥ 

istration, nor from any for q 

t 
| | 
i 
| 


grater x 
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Here in California it is not 
of whether the Japaness 
takes offense at what Ww 
whether we give that Gove 
cause for offense. 

“I do not believe that tli 9) 
law vrohibiting land ow” 
eliens who are ineligible tc 
gives the Japanese just ca17qg 
ing offense. 

‘Tf their dignity is threa ys 
should have protested whe 
ton and Arizona passed law 
that which we now propo 


MISS 
EDY/INE 
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Upsine your repair 
work to this store 
and have the com- 
plete satisfaction of 
guaranteed work by 
exp ert workmen, 
and quick service. 


ACCARD’S 


Broadway at Locust 


cated to him this after- 
propositions after listen- 
have had to say.’ 
etti attempted to make 
upon Gov. Johnson, 
sed for not favoring the 
two years ago, but was 
, point of order, and the 


et again at the call of the 
cers of both houses when- 
y Bryan shail indicate 
received further informa- 
ashington. 

: Bryan arrived in Sacramen- 
lock this morning. With his 
ans were laid for an imme- 
ing, and shortly after 11 
pees session of the confer- 


Bryan reaffirmed the State’s 
» in a2 manner it saw fit, 
sted several alternatives to 
e of a bill restricting aliens 
‘to Citizenship,” basing his 
5 the. broad potndetion of 
Cy. 5 

hese alternatives: in) the or- 


eh they-were sueeested, are |- 


ae pit our oe sad say, “Mesoure me. 


Prices $27. 50 to $50. 
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| wrote policies here w 
ship on the polic 
States, who would 
increased premiums tk 
es in Missouri. 
He said it would be 
| few companies to car J 
surance business of t 
clared that in Illinois 
which have no inst 
similar to the Orr st 
for insurance are con 
than in Missouri. 
At the meeting 
chairman of the co 


“The Post Office Is Opposite” 


fornia in their efforts to pr event these 
aliens acquiring land.’’ 


debate, members paid close attention| pleased than grievec 
to Mr. Sisson’s argument and his| the Supreme Court to 
Speech was frequently interrupted by panies from cance 
applause. {their books: — 
ae ; They pointed out, 
VISCOUNT IS NOT COMING. bunal also refuced 


s 


writing insurance. — 

This action, they 
official sanetion to 
companies in suspend 
the State. ' 

Insurance men dec Z 
insured persons a 
their insurance ‘fo 


their Te for a 


by the committees o 
Senator Sisson discussed points of in- 
pen, George Gi eee 
what would she do when millions of 
the city have looked 
alien population holding land within 
citizen of all our States to stand for by insurance men an 
Orr laws in the refer 
Wearied with a week of routine tariff 
Representatives to United States. 
ownership legislation is untrue, but 
The official view is more hopeful ow- PEpee aaa er ; 
question and thus prevent a recurrence 


| which met last week 1 
ternational law involved in the dispute] way out of the ins 
and declared that California is endeav-} Ernst A. Hildenbrand 
oring to do only what Japan had done. 

Thomas. 

her citizens have acquired land in our Rokereniten’ now 
country?’ he said. Insurance and bus 

“TI iay down the propoSition that an: 

bankers’ meeting wit 

our borders would be a fixed and con- promising of result 
stant menace. ye {reach an agreement 

*T think it the-duty of every loyal 

California and her rights in this fight} posed by pusiness. int 
for her own citizens and their de-| to leave the only hop 
scendants.’~ 2 

Local insurance 

Japanese Parties, However, Will Sena | i 

TOKIO, Japan, April 28.—The. report 
that Viscount Kentaro Kaneke, Privy 
Councilor, is going to Sacramento in 
the Seiyukai (constitutional) and Ko- 
kuminto (opposition) parties are dis- 
patching representatives to California 
ing to Secretary Bryan’s mission, but 
public opinion still insists that the 
present is the most suitable moment to 
of similar disputes. : 
An inspired article in ews newspaper | E 
Asahi explains that the delay in put- 


Real Estate xehang 
_“Tf Japan threatens us with war 

the Governor to consid 
ccnnection with the pending alien land 
to investigate the situation. 
settle the whole American-Japanese 
ting in force the Japanese foreign land 
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lh eens 

sement of Miss Luella Me- 

ehter of Dr. and Mrs. L. C. 

1 of 5190 Maple avenue, to David 
= has just been announced. The 

- will take place early in June. 


and Mrs. HE. J. Eimer and their 
er, Miss Beatrix Wimer, who 
been traveling in California the 
six weeks, are in San Francisco 
Will go early next month for a 
through the Yosemite Valley. They 
; to return home about June 1 


terrace will give a large bridge 
t this afternoon at the Bellerive 
try Ciub. 


‘and Mrs. Charles R. Peddle and 
'family will take possession of 
= new home at 5355 Berlin avenue 
orrow. 

§. Frank Blackburn of Cincinnati, 
has been visiting Mrs. Arthur N. 
r, thé last fortnight, departed yes- 
ity to join her husband in their 
h near Medford, Ore., for the sum- 


Y 


Mildred #. McPherson has sent 
invitations for her graduation re- 
in the department of expression in 
x Hall, which she will give Satur- 
@vening. All the numbers on the 
Tamme will be her own composi- 


s. Thomas Ray of 6039 Berlin ave- 
8 entertaining Mrs. John R. Walker 
Sas City as her guest: Mrs. 
cer has come to St. Louis as a dele- 
“Md the Peace Congress, and as na- 
| vice president of the Daughters 
ne American Revolution will take 
in the dedication of the Jefferson 
Orial. 

hi 

$s Jane Taylor, daughter of Mr. and 
Daniel G. Taylor, has gone to 
ille, Mo., to visit Miss Catherine 
On, daughter of Mr. and Mrs. Ed- 
. Dameron, whose country home 
e. 


C. Spencer Meredith, who recent- 
rned from visiting her sister, 
arles P. Briggs, in Calvert, Tex., 
Monday evening for Chicago 
“Several weeks with her son and 
‘in-law, Mr. and 
late mL; 


pepe Mr. Link’s par- 
‘Theodore C, Link. 


fe rty to-day adopted resolutions af-| J$7R@ oR 
‘tanto their loyalty to the initiative 
and referendum, the recall and the re- If you 
view of judicial decisions, eyes as 
It also opposed “unequivocally and there 
unreservedly any amalgamation with t 
the discrediteu Republican party which an ee 
under recent dishonest leadership has get yo 
failed to carry out the precepts of a 
Abraham Lincoln and the other hon- AT 
orable founder: t ck" No.” Fy 
party.” Oc T e ; 
SEEDALETII UL S 


s. Herbert L. Parker of Washing- | 


Mrs > 


“We favor the nomination by the Pro- 
gressives of candidates for all akira £ 
national, State and congressional, leg 
islative, county and local, except where 
nonpartisan iocal e ions are or ca 
be provided for by Tom ama FAC! 
secured on hoyorable an air At 
by nonpartisan to-operation of the sey- 
eral political parties,” the report con- 
tinues. 

“We pledge ourselves to the enact- 
ment of legislation which will divorce 
all county, municipal and other local 
offices from partisan politics, to the 
end that such local campaigns may be 
conducted on local and not on national 
or State issues.’’ 

The resolutions also dealt with con- 
ditions in the State Legislature. 

The House Public Utilities Commit- 
tee held its first meeting and listed to 
arguments of independent concerns in 
opposition to the double control 
planned in most of the measures before 
the committee. 

The independent telephone people al- 
so objected to proposed valuation 
schemes which do not allow the valu- 
ing of a franchise originally obtained 


sovern the ra 
ers. ; 
*By a vote of 
House adopted 
Committee,  ¥ 
question of at 
raised on the f 
the question W 
tee when the — 
der considerat 

The Senate, =: 
Hurburgh’s ant 

Representatiy 
was advanced 
House. As am 
on Labor ané 
bill provides a 
a week for per 
of age whose 
than $150. 


PROTESTIN 


Sym pathizing ; 


from the people. California | 
The telephone men objected likewise; CHICAGO, i 
to the city-control feature of the ad-| Kum, a you 


ministration bill, for the reason, they 
said, that half of the number of sub- 
seribers were in the cities, and the 
other half in the rural districts. 

City control would fix the rate for 
city subscribers, but the city could not 


—io Wome}l 
Seeking Health and 


For those ills peculiar to women 
recommends his “‘Favorite Pres 


“THE REM 


A medialis ipereed Se regular eraduatee 
ual experience in treating woman’s diseases—(_ 
to work in harmony with the most delicate femi 


Ail medicine dealers have sold it with sa 
tomers for the past 40 years. Itis now obta 
sugar-coated tablet form at the drug store—or 
stamps for a trial box, to Buffalo. 3 

Every woman may write fully and confidentially 

Invalids’ Hotel and Surgical Institute, Buffalo, N. | 

sure that her case will receive careful, conscienti¢: 

consideration, and that experienced medical advice: 
to her absolutely free. 


exhibited an e 
the Western 


ty below) 


af 


\ficers, and about three weeks ago he |. 


that he would be unable to coyer.. upd 


the deficiency much longer. | ; 

Then, he said, he confessed to his 
wife, who advised him to make a clean 
breast of the matter to the lodge of- 


laid the matter before them, promising 
to repay the money. 


Relatives say that for several months | t 
Mrs. Herbst has been ill, and ‘they be- 


lieve that much of thé money went to 


pay her doctor’s bills and to buy. medi-. 


cine. ; 
; a 
Gymnastics for Home Orphans. 
An exhibition of gymnastics 
marching was given last evening in the 
Christian Orphans’ Home, 


i-| Hucli davenue, under the direction ,of 


| Central Y. M. C. A. and W. H. Wissman, 
instructor. Among those present “Were 


Mrs. S. H. Thompson, president of the} 


Board of Managers; Mrs. W. D. Patter- 


son, chairman of the Gymnastics Com-| 
mittee; Mrs. D. Williams, chairman of. 


the Mission Committee, and Mr. andj. 
Mrs. W. Cree. 


Mrs. Dean Jones. 


Minister Robbed on Car. 
Rev. C. T. Collyer of Nashville, Tenn., 


‘an evangelist, was robbed of a wallet 


he. ‘Tyrol, 


| Nashville last evening by pickpockets.. 
He was about to board a car at Thir-- 


containing $75 and return tickets to 


teenth and Olive streets when he was. 
jostled by a crowd. When he-looked: 


for his purse it was gone, 


| ME C MADAME 


and draw it through your hair, taking 


one smali strand at a time. Those 
whose hair is turning gray, becoming |. 
faded, dry, scraggly and thin, have a 


| surprise awaiting them, because, after 


\ 


just one application, the gray hair van- 
ishes and your locks become luxuriant- 
ly dark and beautiful—all dandruff 
goes, scalp itching and relies hair | 
stops. 

This is the age of Ses gray-haired, 
Ue aen ye folks aren't. “wanted | 


2955 North. 


Music was rendered uy, 


‘JEFFERSON CITY, Mo., Ane l 
strong indication of a break 


fire companies. 
The companies said they He 
tention whatever of suspending 


and }. 


of New York. 

All that wrote are members 21 
of the Western Union, which me 
‘Philadelphia, or the Western Bu 
which met at Pittsburg. 

The Insurance Department is ex] 
ing more letters. With those that 
repudiated the agreements, the 
‘home stock fire companies and 
twenty-six mutuals, the State will 
be entirely without protection sh 
the compunies Brecee dy to carry, 
their threats. 


inane wanted to do so, follow: 
can Central of St. Louis, Citiz 


| | st. Louis, Individual Fire Under 


| of St. Louis, 


for such action arise. ; 

He has taken steps to get the t 
of the officers of |the compa: 
“were represented in the Phils 
‘and Pittsburg meetings, to lay 
the Cole Bienen Grand eee 


Injunction Stops Ing 
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$ Sheppard, of Texas, Says That Presidefithoirliod Ves 


_ Prompted by Highest Considerations of Jus- 
ee: tice and Humanity. 


r EVEN HUERTA HAS. COMBI pine 


————_—_@-—_—_-—. 


ts HpRaALtp BUREAU, 1 
No. 1,502 H Street. N. W., } 
WASHINGTON, D. C., Friday. J 


Ir (Morris Sheppard, democrat, of 
who for months has. been urging 
jon of the belligerent rights of the 
constitutionalists, to-day strongly 
| President Wilson’s action in rais- 
embargo on arms. 

ion General Huerta had complained 


ng the embargo was a violation 
orinciple of international law, he 
© effect was to place the United 
m an attitude of complete neu- 


ng BF Arms Embargo 
mmended by a Senator 


te 


NOT 


of the Mexican masses for liberty. and 
progress. His ideals are those of Wash- 
ington, and ‘his followers are imbued with 
the spirit of Concord and Valley Forge. 
It is his ambition to conduct this revolu- 
tion along the lines of civilized warfare 
and to repress excesses of every kind. 
Conditions have made it difficult at times 
for him to do this, especially as his op- 
ponents show his own followers no consid- 
eration 2nd no quarter. He should not be 
held responsible for the acts of irrespon- 
sible bandits, roaming at large over a vast 
and in many instances almost inaccessible 
territory.” 


|! 
| 
rs 
| 


REAR ADMIRAL MAYO 
ACTS ON SHOOTING 
HERALD BUREAU, 


V 
No. 1,502 H Streer, N. W., + 
WASHINGTON, D. C., Friday. J 


Rear Admiral Henry T. Mayo has sent 
word to the municipal authorities of Vera 
Cruz that they must assume responsibility 
for the shooting of his flag lieutenant, 


Lieutenant Arthur B, Cook. A report to 
the Navy Department confirmed the press 
reports of the shooting of Lieutenant Cook, 
but said that he had not been hurt. It is 
| Huerta, who controlled the sea-lynderstood here that Rear Admiral Maya 
fuld import arms from many other/meant, in his communication to the Mexi- 
iF a i can authorities, that he would expect them 
an act which originally benefitted|to prevent any recurrence of the affair. It 
evista cause, the cause of liberty:is reported that the Vera Cruz police are 
gress in (Mexico, became an injury looking for the assailant, but Mexicans 
iter champions, the followers of|here pelieve that there is little chance of 
f. AS a result hundreds of finding him, 
| Patriots who believed with Car-| The State Department has been advised 
d who could not obtain armsjihat tthe federal lieutenant and sergeant 
én stand in line on a battle field' who were convicted of the murder of an 
‘hot fire from the enemy, waiting! American, Frank Smith, were put to death 
fhe arms of their soldier brethren/on February 11 by order of the military 
| and thus enter the fight. The)court. They were shot by a detachment 
ists were compelled to fashion|of goldiers at the scene of the murder. 
heir cannon from the axles of| The Secretary of State, Mr. Bryan, to- 
heels and locomotives. As a re-|day said that the Huropean Powers had 
eds of those who stood with|heen advised of the intention to lift the 
or freedom and right would face}embargo,and that the reason given was 
he guns and rifles of Huerta/that the Mexicans should be left free to 
S and arrows as their only/settle their own affairs. This information 
a ‘ was in confirmation of the press reports 
e evident that the retention ofl regarding the discussion of the Mexican 
Was merely prolonging thelsituation in the German Reichstag yester- 
hat the placing of the eon-|day. It is considered an important prece- 
on an equal footing with|dent for an American Secretary of State 
the matter of arms'to declare against the right of American 
ontest to a more rapid|intervention in Latin America. 


eee eee) er ede ne eee etre! Gy eae VO ESPeMGe, (Sa Paty my? Sy) Ree Ong ere et Rees tee Be 


lent Wilson’s action in lifting the 
was prompted by the highest con- 
Ms of justice and humanity,” said 
Sheppard, ‘Let it be remembered 
| embargo was originally imposed 
Taft and that it had the effect of 
fadero, who had become President 
20 and who was even then being 
by enemies in North Mexico. 
fadero fell his friends and follow- 
ume revolutionists. Their princi- 
Inghold was also North Mexico. 
pntion of the embargo was a dis- 
ton against them because it de- 
lem of practically their only avail- 
uree of arms, and ammunition, ’} 
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Miss Margaret j 
14ased in Ice’ 


on Fe 


BSENCE OF 
Ir. INDICAT 


Opening Into Whi I 
or Been: Thrown! 
Been Ci 


[SPECIAL DHESPATC oa 
Harrison, N, ¥., # 
hours to-night the pol 
Coroner Alfred H, ¥) 
county, worked in an 
mystery surrounding _ 
Margaret Fox, forty-" 
was found dead thi | 
on her farm here, The! 
the well, which is 
only two feet in diam’ 
cased inice. A hingee 
covers the circular Hh 
closed after the wom a) 
pushed down the sha 
The baffling aspec 
confronted the aut: 
though the sides of t 
hewn stone with 
out, so that in places | 
diameter than the su. 
of twenty-four inche! 
bruises on the body, 
over the well, when 0), 
back until it rests on 
“Tf the woman fell ; 
foremost,” said Coron! 
loss to know how she | 
contrived by her effo: 
or, otherwise, if it wa 
to close the trap after 
Captain Andrew Mu 
son police, who has ch 
gation, subjected seve a 
orous examination bia 
ing enlightening facts ~ 
cumstanees of the won! 
Discovery ° 
Mrs. Fox, who leave 
at one time kept sevei 


house, which is near 
about a mile from the ; 
Recently, however, th 


es oe ee Say og 4 ls a ee 


a. 4. d 
MIAH T.- MAHONE Y, 8 
Plaintiff's ‘Attorney. | 
“Genunlaeney No. 51 Premiers 


ons ‘ge served upon you by 
an order of Hon. James C. 
et the Supreme Court of the 
ed the 2nd day Oe senna, 
8rd day of January, 1914 
the office of the 
At the County Court House 
‘k, County of Kings, in, said 


EMIAH '. MAHONEY 
Attorney for Plaintiff, 
Address, 61: Chambers|° 


hattan, City of New York. 
agate line Daily and| 


ve for contents of houses, 
Antiques, ONES, 
jephoue, 851—Harlem, 
niture, Pianos, Antiques, 
; etting. my-cash offer. | 
| sity place. See resene 


a Pianos, 
s, 155 Hast Cae mein. 


3 contents. apartments: Fur- 
a-Brac, Carpets, Linens, 
ILLER, 104 West 1224. 
Furniture, Cares, B (0-8- 

Silver, Works of Art, 

i Stuyvesant—1 
miture, Pianos, 


Antiq ues, 
miversity place. 


*Phone, 


86 or Exchange—ssc. 
day; 80c. line. Daily. 


ACADEMIES. 


rgan Studios, | 


rnegie Hae Instruction os 
BREE. “Tel.. 5 


' DAN CES 


Boston, TROD, Maxtze, 
essons, 1 to 10 P. M. 


STUDIO 


104 West 75th st. 
Hesitation, Boston, 


On: 
pa by personal attention; 
LORITA CHRISTIAN, ead 


OLLEGES, SCHOOLS, 


4, Shor thand, Penmanship. 
jand Stenotype Departments, 


Day & Night Sessions. 
Call or write for @ata- 
) A) logue, 
id Street and Lenex Avense- 


Jessons given at your own 


terms very low. 


| eges, Schools, 
and Sunday. 


ANTED—FEMALES. | 
oks; &e 


Write B., 
&éc.—20c, 


vishes position, by day or. 


Mo dieser, care Letkowitz, 


wishes 


, lately landed: 
pee ne Herbert, 


American faa: 


erman woman, 
private TATU; | Scnaaigetae 


VF OPP SRE ery yee ey, PETTY 


-| 385 heat 136 th. 


clerk of 


| STENOGRAPHER. 


yery compe | 


sexbetience: ooh 


SON OR COMPANIONS, two 
ae ladies; well educated; Piotechante 


care Rev. 


E, 0. D, Wisesser, 247 Beatoral 
Park ‘Aealerse (Bast 200th sst.). 


Ce cane \ 
1} GOVERNESS or companion; young woman, speak- 


ing German, to. children or elderly woman, 


Moderate: 180 Herald Harlem. 
STENOGRAPHER, SIX YHARS’ HX- 
PERIENCE; FORMER EMPLOY- 
HRS: STATH, “EXCELLENT, STH- 
NOGRAPHER, POSSESSING INITI- 
ATIVE, COMMON SENSE.” AL De 
140 HERALD. . 
STHPNOGRAPHER. —Refined young oung lady, 58; high | 
school: graduate: three. years’ experience, two 
With Commercial house, one with official court}: 


stenographer; competent. and trustworthy, ' R. 
Goodman,’ 147 West 142d ‘st. 


typewriter, office. 

‘bright aceen. girl, age 20: experienced; 
erences ®. $194 R95 Berriman 
“Brooklyn. Phone, 1477 W—Cypress. 


. Work, 
ref 
di | 


STHENOGRAPHER, typist, German, Dneligh dic. dic. 


tation, translating, copying, desires home work; 
Moderate, Miss Seamon, Trowmart Inn, 8th ay. 
and 12th. Telephone, Chelsea—5254. 
STENOGRAPHDR, two years’ ex ee neat, 
- willing, competent, $9, $10. W. , 152 ‘Herald 
Downtown. 

STENOGRAPHER, office assistant, refined young 

lady; four years’ experience; peferences;: $12. 
Ambitious, 407 Herald: Downtown. 


‘UNDERGRADUATE | would care for rere av 


or weak child; refined; reference. :C 


Herald. 
VISITING governess. cee laniguage taught by 
wane visiting or home, Alauques, 66. 'West 


Housekeepers and Janitvesses: 
HOUSEKEEPER.— Wanted,’ 


‘keeper by educated German lady, :about ‘40; 


-| speaks fluently pene, English; references to be 


exchanged. G. . 142 Ascension sty Paseeee, 


‘HOUSHEEERPER, educated, Deer experi- 
enced, respectable honest German widow; takes 

full charge for adults ia apartment; cee manage- 

iment; excellent iby references. M. 8., 1,658 3d 

IV. (store). : 

HOUSEKEEPER.—A middle aged woman desires 
ae rey as piananees ‘for eee POUaCe 124° 


HELP WANTED—FEMALES. 


<I ees 

‘BILL ‘clerk or typewriter; must have at least two. 
:years’ experience; . wages Sin Apply ito Bill, 

PB. O. box 1,721. 


‘position: ag “house- 


CONSIDERATION 
ABILITY OAN BE | 1 


\STRATED. A. G., 182 H 


Capable bookkeep 
wants position; und 

German; can give high 

erence. W. M., 1255 


Harlem. 


CARETAKERS, reliable couple, “50 
unfurnished house; recent reters 
Ston, 445 Bast 52d. 


CASHIER and cigar man; several 
ence; yap salaty; ‘bond or 
Address G, Lancon, 1,422 Fulton (ie 
CHAUPFEUR.—Young man, arrived | 
about two months, 25 years old, wil 
as chauffeur and - mechanician? ‘eity. 


best referenc H. He 
ue e. ¥V., 133 West as 


CHAUFFEUR’S poinert wall recom 

Man, having taken mechanical le 
position with \private..family; Can, j 
also, Peter Nicholaides, 237 East f 
York city. 


CHAUFFEUR QM), married, wishes 4 

‘private: family; seven years’ exp 
absthiner; references, Joseph ‘Gro: 
Pulaski st... Broeklyn. 


| CHAUPFHUR.—Wanted, position | 
commercial or private; can me 
ineerie: ready for work. Box 947, 
, Brooklyn, 
eae aes. mechanic; Al. mace 
repairs; private or commercial; 
driving eight Weare, last position | 
106, 1,318 24 
CEAUERTUR dee position with, 
drive and repair any car; 10 yea 
Frank Rosalia, 301 8d st., Brockipal 
CHAUFFEUR, mechanic; willing; i 
years’ ‘experience; reference, Be! 
26 Lawton st., Brooklyn. - Pee || 
CHAUFREUR, (30, experienced, 
car; salary $15; city or count 


.|Paroubek, 192 Potter av., Astoria 


BOOKKEHPER. Svgantad: com pateale bookkeeper, ' 


steuographer to keep Dooks, . make invoices; able 
to take dictation; knowledge of import business; 
“state salary wanted: and- give references, M, i, 


1180 Herald. 


DRAPERS AND PINNERS, 

EXPERIENCED, ON LA 
DIES’ DRESSES. R: B. ROTH — 
BED. 112 MADISON’ (A 
CORNER 30TH ST. 


FOREWOMAN wanted for novelty curtain fae 

tory; must be experienced: steady position; ap- 
ply with references, stating ‘salary “expected. 
The Green Mfg. Co., ‘Bridgeport,: Conn. 7) 3° 


HOUSHWORK.—Wanted, French, German or 

Swedish woman, general housework in family 
two adults, small apartment: good home and 
“wages; personal of MCh ‘Write, stating age 
and wages, H. M, 268 Columbus av, 


‘ELOUSEWORK. een ‘girl for general 
housework; best reference required, Maginnis, 
71. Hast 96th! : 


LADIES—Become. diamond jewelry experts; splen- 

did positions with jewellers; pay $25-$75 weekly; 

ane catalogue, Jewellers: Art. School, 110 “West 
h. 


Cr ih =n po leaner etre na ae anny Benenden eet OT 
LADIBS, artistically inclined, to, work for us| 


in their homes. . ‘Apply’ hel ‘let er only, 


Kalo; 
Miz. Co., 43 West 27th st Tau: 


LORD & TAYLOR 
pia 2f2 peg hy ty 


t cee plain, gardening, also cows, 


CHAUFFEUR, English; five years a 
Rt excellent weferences; do 4 
EK. , 610 Herald, | 


an wants position in hotel, ¢ 
Fone Hmil Felix, 135 Poplar st. 


meray TR 
COACHMAN, 36 years of age, 
family; -Al reference, thorough | 
capable to take charge pentleman’s | 
we ng to go any part of country.’ "Adat 
18 (Nuttman place, West Orange, N 


COLORED couple wish posiiGHa a 
city, country. Felton, 171 West 
men 


GOMPRTENT Oitice man, five y 
poraition, department: discontinued; 

reliable, Unitarian; moderate salary; 

vice. ’?Phone 6757—Columbus. , 


ees colored, wants’ one pl c 
‘food oF on short orders uli 
West 84th st : 
COOK,. first singe (Chinese). 144 ye 
erence, Sidney, 161 West 36th st. 


COST CLERK, SIX YEARS’ EXP! 
tory cost, payroll and purchase 
203, Eckford st.. Brooklyn. ; 


COUPLE Celle 

m0 bo dens ge 
Wan: arden ; ae a 

rheaRel sa Arustel blir 
Hoboken, N. J : 
COUPLE, | oung, ‘Augirian 
jelig pu er, chambermala. 0 
housekeeper; only land : Dest 
Korkua, 830 Bas 8 Meas 
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INTRODUCTION. 


Early in 1913 it was announced by Mr. O. F. Cook of the Depart- 
ment of Agriculture that a weevil, apparently identical with the 
Mexican cotton boll weevil (Anthonomus grandis Boh.), had been 
found breeding in the fruit of a wild cotton plant (Thurberia thespe- 
stoides) in the mountains of southeastern Arizona.? This announce- 
ment was at once followed by explorations in Arizona to determine 
the distribution of the weevil and its host plant, and research work on 
the habits, life history, and economic importance of the species. 
Specimens were sent to the writer at Victoria, Tex., during the 
summer of 1913, and there as many as possible of their life functions: 
were tested in comparison with the native weevils. Taxonomic 
study of the Texas and Arizona weevils showed the latter to be a 
distinct variety, and it was described by Mr. W. Dwight Pierce as 
Anthonomus grandis thurberiz The biological investigations showed 


1 Anthonomus grandis thurberiae Pierce. 


2Cook,O.F. A wild host plant of the boll weevil in Arizona. In Science, n.s., v.27, no. 946, p. 259- 
261, Feb., 1913. 


3 Pierce, W. D. The occurrence of a cotton boll weevil in Arizona. In U.S. Dept. Agr., Jour. Agr. 
Research, vy. 1, no. 2, p. 89-96, Nov. 10, 1913. 
Notz.—The investigations on which this paper is based were conducted under the direction of W. D. 
Hunter, in charge of Southern Field Crop Insect Investigations. 
14889°—Bull. 344—16——1 
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the two forms to interbreed very readily, however, thus demon- 
strating their very close relationship. 

The mole of this weevil as studied at Victoria has been discussed . 
in two papers.’ 

In the spring of 1914 the writer was stationed near Tucson, Ariz., 
where he studied the Thurberia weevil and its host plant under their 
natural conditions. These studies consisted of biological investiga- 
tions similar to those conducted in Texas as well as the consideration 
of the possible and probable economic importance of the weevil in the 
arid West. The economic phases of the problem have been dealt with 
in another report,? so they will be only very briefly mentioned in the 
present paper. 

The principal object of this report is to afford a comparison of the 
life functions of the weevils as performed by: (1) Texas cotton weevils 
at Victoria, Tex.; (2) Arizona Thurberia weevils at Victoria, Tex.; 
and (3) Arizona Thurberia weevils in Arizona. The first two subjects 
have already been covered in the papers previously mentioned and 
the last is discussed in the present paper. By a proper consideration 
of the activity and adaptability of the different forms of weevils 


under the same environmental conditions and of the same form of 


weevil under the different conditions it is possible to determine much 
of importance concerning the exact relation of the two varieties and 
the extent of variation and adaptation to be expected from each. 

For the Arizona studies a camp was established at the Agua 
Caliente Ranch, about 18 miles east of Tucson. This ranch is located 
in the foothills of the Santa Catalina Mountains, near the eastern 
end of the range, at about 2,800 feet elevation. The various breeding 
experiments described were conducted in this tent while the field 
tests were located on the near-by irrigated land. These studies were 
continued from April 16, 1914, to November 16, 1914. 


DISTRIBUTION OF THE THURBERIA PLANT AND WEEVIL. 


The weevil is not known to occur on any plant other than Thurberia 
in Arizona, and it seems so closely linked with this plant that every 
Thurberia plant may be considered as a potential host for the species 
even though all of these plants do not harbor weevils now. Conse 
quently knowledge of the distribution of the plant is of great impor- 
tance in the study of the weevil. . 

The distribution of the Thurberia plant is but imperfectly Reon 
at present. Explorations have been made in Arizona by Mr. Vernon 
Bailey, Prof. J. J. Thornber, Mr. O. F. Cook, Dr. A. W. Morrill, Mr. 

1 Coad, B. R., and Pierce, W.D. Studies of the Arizona Thurberia weevil on cotton in Texas. Jn Proc. 
Ent. Soc. Wash., v. 16, no. 1, p. 23-27, Mar., 1914. 

Coad, B.R. Recent studies of the Mexican Cotton Boll Weevil. U.S. Dept. Agr., Bul.231,34p., Aug. 2, 
1915. 


2Coad,B.R. Relation of the nea Gas Wild Cotton Weevil to Cotton Planting in the Arid West. U.S. 
Dept. Agr., Bul. 233, 12 p., 4pl., May 27, 1915. 
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W. Dwight Pierce, Mr. E. A. Schwarz, and Mr. H.S. Barber, but the 
only data we have concerning the occurrence of the plant in Mexico 
are the records found with the specimens in the various herbaria. 

The various explorations in Arizona have shown the plant to be 
present in the following localities: Santa Catalina, Santa Rita, Tanque 
Verde, Rincon, Mule Pass, Huachuca, Chiricahua, Superstition, 
Bradshaw, Dos Cabezos, and Dragoon Mountains, Globe, and Fish 
Canyon of the Salt River Valley. (Fig. 1.) So far the plant has not 
been located in any of the mountain ranges west of Tucson, but 
explorations have been conducted in only two or three of these and 
it is quite possible that it occurs there. 

The writer is indebted to Mr. F. L. Lewton, of the Division of 
Textiles, United States National Museum, for a copy of the data on 
the specimens of this plant in the following herbaria: Gray Herbarium 
of Harvard University; Herbarium of the New York Botanic Garden; 
Columbian Herbarium, New York Botanic Garden; Herbarium of 
the Academy of Natural Sciences of Philadelphia; and the United 
States National Herbarium. 

Many of the locality names noted on these are now obsolete and 
are very difficult to locate, but a general idea of the Mexican dis- 
tribution of the plant may be secured. Fronteras, Oputo, Tunicachi, 
and Babusac, all in the State of Sonora, seem to indicate that the 
plant extends along the mountain ranges in the eastern part of this 
State and connects with the various localities noted in southwestern 
Chihuahua. From this point it seems to follow the ranges down at 
least as far as a point near Guadalajara, Jalisco, Mexico. This is the 
most southern record the writer has been able to discover. 

So far the weevil has been found only in the Santa Catalina, Rincon, 
Santa Rita, Tanque Verde, and Dos Cabezos Mountains. Of these 
ranges the first four adjom the Santa Cruz Valley, in which Tucson 
is located, and the last is near Bowie. In the examination of the 
plants found in the other ranges of the State, no signs of weevils 
were found but the distribution is certainly more general than that 
now known. Further explorations will probably demonstrate the 
presence of the weevils in other mountain ranges, at least in the 
- southeastern part of the State. 

We have no information concerning the presence of the weevil on 
Thurberia in Mexico, but the writer believes that it will be found 
extending all along the mountain chain through eastern Sonora, 
western and seuthwestern Chihuahua, and then probably connecting 
directly with the central Mexican territory in which the weevils live 
on cotton. 

HABITAT OF PLANT AND WEEVIL. 

The studies of the past season were confined to the mountains 
around Tucson and the most thoroughly worked of these was the 
Santa Catalina Range, where the local distribution of the plant and 
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weevil was studied in detail throughout the range. In this range the 
Thurberia plant was found, scatteringly but very generally, at aiti- 
tudes ranging from about 2,600 to 7,000 feet. The writer, working 
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Fig. 1.—Map of Arizona showing mountain ranges representing the habitat of the Arizona wild cotton 
weevil (Anthonomus grandis thurberiac) and its food plant (Thurberia thespesioides). (Original.) 


along the southern and southwestern slopes from the divide at the 
eastern end to the western tip of the range, practically circled the 
range. From the western tip of the range trips were made around 
the western end into the northwestern slopes at Montrose and Romero 
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Fic. 1.—DISPERSION OF THE WILD COTTON WEEVIL. 


Typical location of Thurberia plant, below rock, in Agua Caliente Arroyo, Ariz., about 
1144 miles from the mouth of the canyon. (Author’s illustration. ) 


Fic. 2.—THE WILD CoTTON WEEVIL AND ITS Host PLANT IN THE LOWER RANGES. 


Habitat of Thurberia thespesioides and the wild cotton weevil in the lower ranges. This view 
was taken in the Agua Caliente Arroyo, Ariz., about 100 yards below the plant shown in 
figure1. (Author’s illustration.) 


THURBERIA THESPESIOIDES, THE FOOD PLANT OF THE ARIZONA 
WILD COTTON WEEVIL, ANTHONOMUS GRANDIS VAR. THURBERIA. 


ie 
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Canyons and nearly to Oracle. The writer then crossed the range by 
the trail above Agua Caliente Canyon, descended into the San Pedro 
Valley on the northeastern side, and explored the slopes. Combined 
with these observations numerous trips back and forth throughout 
the range were made at various points which gave comparatively 
thorough data on the internal conditions of the mountains. _ 

Thurberia plants were found at intervals throughout this territory. 
Summarizing these observations it seems impossible to name any 
certain type of situation as the normal habitat of the Thurberia plant, 
since it is found in moist canyon beds, in dry arroyos, on dry slopes, 
and on the top of peaks. However, by far the greater number of 
plants are located in canyon beds, mountain washes, or arroyos 
out through the mesa, and in searching a new locality these are usually 
the most frequent situations in which the plant is found. Thurberia 
plants growing under these conditions usually develop a more healthy 
growth than those on the more exposed slopes, and usually the plants 
at higher altitudes, on slopes and peaks, are found more or less 
grouped in colonies. Travel for miles through such territory may 
not disclose a single plant when suddenly colonies of from three plants 
to several dozens are found. The distribution in canyon beds and 
washes, however, is quite different, for here the plants are usually 
found more or less scattered and growing singly, although in many 
canyons a plant will be found every few yards for several miles. 
(Pl. I, figs. 1, 2.) Occasionally, in locations particularly well shel- 
tered from the force of the current, a large colony of plants may be 
found, but such cases are infrequent. 

At lower altitudes, on the mesa and plains, Thurberia plants were 
found extending along the dry arroyos often to a distance of several 
miles from the base of the mountains. Here, while fairly common, 
they are scattered, being found along the margin of the channel, on 
small islands, or in protected situations behind rocks. 

The occurrence of the Thurberia plant at an elevation of 7,000 feet 
was not noted until late in the season, at which time a few were 
found on a peak at about this elevation, behind Soldiers Canyon. 
It is interesting to note that one specimen in the Gray Herbarium 
and another in the Herbarium of the Academy of Sciences of Phila- 
delphia, both collected by Edw. Palmer, bear the following data: 
“The Frailes above Batatopas, S. W. Chihuahua, Mexico, 7000 feet 
alt. October.”’ 

Back in the interior of the Santa Catalina range in the small 
canyons draining this country the plants were found to be quite 
common along the stream beds. 

The Arizona wild-cotton weevil was found to be as widely dis- 
tributed throughout this range as was the Thurberia plant, but the 
weevils were by no means present on all plants. While the weevils 


6 BULLETIN 344, U. S. DEPARTMENT OF AGRICULTURE. 


were found in all types of situations at altitudes from about 2,750 
feet to 7,000 feet, they were more abundant on plants growing at 
elevations of from 3,500 to 5,000 feet. The writer has been unable 
to determine any type of locate as being sore R ie: favorable to 
the maintenance of the weevils. 

In the Santa Rita Range the writer confined his studies almost 
entirely to points of less than 4,000 feet elevation. The country 
examined was that which lies along the base of the mountains com- 
mencing at a point below Madero Canyon and extending nearly to 
the northern end of the Santa Rita Range. Throughout most of this 
country the Thurberia plant was found extending down the arroyo 
nearly to the 3,000-foot level, and weevils were located on many of 
these plants at this elevation. 

Very little explormg was done in the Tanque Verde Mountains, 
but a few trips were made on the northwestern slope above the 
village of Tanque Verde, where a few plants, some bearing weevils, 
were located in the ‘‘washes”’ of this comparatively regular slope. 

In the Rincons the investigation was limited to the examination 
from the southern end of the range of some of the lower arroyos which 
_ form the headwaters of the Pantano, and Thurberia plants and a few 
~weevils were found. Messrs. Barber and Schwarz found plants and 
weevils on the Manning trail above Mills ranch and Prof. Thornber 
reported a colony from a short distance above the Shaw ranch. 

Investigation seems to have established that the Thurberia plant 
does not occur in the Tucson Range, as this range was explored by 
Dr. A. W. Morrill and Mr. W. Dwight Pierce durmg the summer of 

1913 with negative results, and a search made by the writer in Sep- 
tember, 1914, also proved negative. This range seems far too dry 
for the existence of the Thurberia plant. 


SEASONAL ACTIVITY OF PLANT AND WEEVIL IN NATURE. 


As the activity of the Arizona wild-cotton weevil in nature is 
largely dependent upon the growing and fruiting period of the plant, 
close observations were made, particularly in relation to the time of 
fruiting. These observations showed the time to vary greatly with 
the location of the plant, and the most important factor seems to be 
altitude and its accompanying conditions. The plants observed 
closely during this season ranged from 2,700 to 5,000 feet, and while 

-no definite lines can be drawn, the following discussion gives the 
variations in time as they were noted at the different elevations. 

Plants growing in the channels of Milagroso, Agua Caliente, and 
Soldiers Canyon and in the arroyos below these canyons (elevation 
below 3,000. feet) were all leafed out and squaring heavily by the 
Ist of May. They began blooming about May .7. After two or 
three weeks of flowering the buds ceased to appear and there was a 
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quiet period during which the bolls ripened, opened, and shed their 
seeds. Then another crop of buds appeared and the same course 
was repeated. In this manner as many as four crops of fruit were 
produced by some of these lower plants and many produced three. 

Higher in the canyon channels and on the lower slopes (elevation 
3,000 to 4,000 feet) the plants started to square shortly after the 
1st of June and produced two or three crops before the end of the 
season. They all began leafing out about the same time as the lower 
plants just discussed. 

About the 1st of July the plants growing at about 4,500 feet started 
squaring while those above 5,000 feet did not start until July 30 or 
later, and produced only one crop. 

From this is seen the extreme variation in the fruiting period of 
the plant. This grouping by altitude is of course only approximate 
because the conditions (moisture, exposure, etc.) vary greatly at the 
same altitude in different locations. 

The active period of the plant will probably vary with the different 
years according to climatic conditions. The winter of 1913-14 was 
exceptionally mild and consequently some of the lower plants may 
have started blooming earlier this season than is usual. 

Regardless of the previous activity of the plants, the last crop of 
fruit (produced durmg August and September) is always the largest 


and blooming extends over a longer period at this time. Most of the, 
plants stopped blooming during the latter part of September though. 


quite a few continued blooming into early October. 

The appearance of the weevils from hibernation is very scattering 
during the early spring months. The first record of emergence dur- 
ing the spring of 1914 was an individual noted in a branch of Agua 
Caliente Canyon at about 3,000 feet altitude on May 10. Following 
this a few were found active here and there in the mountains, but 
they were not common until later in the season. 

These early individuals fed upon the squares and bolls present, 
and produced a few progeny in the latter. The resulting weevils 
emerged after a normal developmental period and aided in the 
infestation of the large crop of fruit in August and September. 


The general emergence of the weevils began shortly after the first 


of July and by the middle of August nearly all weevils had emerged. 
These were all quite active on the plants after this time. During the 
past season the writer did not note a single weevil breeding in the 
buds of Thurberia, although considerable feeding upon them was 


observed. This is directly contrary to the conditions found by Mr.. 


Pierce in August, 1913, when he observed the weevils breeding 
abundantly in Thurberia buds in both the Santa Catalina and Santa 
Rita Ranges. This discrepancy in records may be due to some 
differences in the seasonal conditions. 
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With the existing variations in time of emergence it is impossible 
to determine the exact number of generations per year, but most of 
the weevils seem to have only one or two, the last remaining in the 
pupal cells in the bolls and so hibernating. 

The activity of the weevils seems to continue until stopped by the 
cold weather. It was greatly decreased in most places through 
October, but a few weevils were still active on the 1st of November. 


EMERGENCE OF WEEVILS. 


The study of the weevil activity in nature was greatly confused by 

the extreme variation in the time of emergence from hibernation. 
These weevils pass the winter in pupal cells in the Thurberia boll and, 
instead of emerging in the spring with the first warm weather, pro- 
long the dormant period far into the season before leaving the cell. 
In fact; some individuals have been found in old cells as late as the 
ist of September, though nearly all emerge during July and August. 
Because of the possible economic importance of this delayed emer- 
gence in relation to the transfer of the weevil from Thurberia to cot- 
ton, cage tests were conducted and careful observations made in the 
- field to determine under what conditions the weevils will emerge. 
- For the cage tests a number of infested Thurbera bolls which had 
remained hanging on the plants since the fall of 1913 were collected 
in the upper part of Soldiers Canyon on June 6 and were kept in a 
dry box until the time of starting the tests. 

The treatment of the different lots of infested bolls was as follows: 

‘No. 1. Bolls not moistened placed in empty tumbler in shade. 

No. 2. Bolls not moistened placed in empty tumbler in sun. 

No. 3. Bolls not moistened placed on moist sand in shade. 

No. 4. Bolls not moistened placed on moist sand in sun. 

No. 5. Bolls immersed in water 14 minutes and placed on moist sand in shade. 

No. 6. Bolls immersed in water 14 minutes and placed in empty tumbler in shade. 
No. 7. Bolls immersed in water 30 minutes and placed on moist sand in shade. 

No. 8. Bolls immersed in water 30 minutes and placed in dry tumbler in shade. 

No. 9. Bolls immersed in water 30 minutes and placed on moist sand in sun. 

These tests were started July 11, and each lot was examined at 
frequent intervals until September 22 and all emergence noted. 
Five bolls were placed in each lot. On September 22 all bolls were 
opened and the condition of the weevils inhabiting them noted. 

From the unmoistened bolls placed in dry tumblers no weevils 
emerged. When the unmoistened bolls were placed on moist sand 
and left in the shade, two weevils emerged, but when they were 
placed in the sun none emerged. When the bolls were immersed 
in water for 14 minutes and then placed on moist sand in the shade 
four emerged, but those moistened in the same manner and placed 
in a dry tumbler in the shade produced none. When immersed in 
water 30 minutes and left on moist sand in the tent three emerged 
and those moistened in the same manner and placed on moist sand 
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in the sun produced none. ‘Those immersed 30 minutes and placed 
in a dry tumbler in the shade produced one weevil. 

These results indicate the importance of moisture in the emergence 
of the weevils. Mere placing on moist sand caused some weevils 
to emerge in 5 days, but the bolls moistened and then placed on 
moist sand in the shade produced the maximum emergence. ‘In 
the various lots which were placed in the sun not a single weevil 
emerged regardless of treatment. This was evidently due to the 
extreme heat in the tumbler. All weevils were found dead in these 
cells upon examination while many of those in the shade were still 
alive in the cells. 

These experimental tests of the factors producing emergence are 
far from conclusive, but by combining them with various observa- 
tions made in the field a fairly definite idea of conditions under which 
the weevils will emerge may be secured, and by studying the sea- 
sonal climatology of the region inhabited by the weevils it is possible 
to know when to expect the emergence. 

The emergence of the weevil shows a very decided relation to the 
structure of the Thurberia boll and is the result of a gradual prepa- 
ration of the boll which extends over a considerable period of time. 
In the fall the weevil cell is surrounded by the compact seeds and these 
in turn are inclosed in the covering of the boll. These soon dry and 
harden so that emergence is impossible. Then follows a slow chang- 
ing of the boll extending through the winter months. The seeds 
around the cell ripen, harden, and separate slightly. The outer 
covering of the boll cracks apart at the apex and gradually splits 
toward the base. While this is largely a process of ripening and 
dessication, it is undoubtedly aided. by the occasional rains during 
the winter and early spring. By spring the boll reaches a condition 
such that it is easily opened and the seeds scattered by a light crushing, 
but now the weevil cell itself holds the contents intact. In fact 
most of the uninfested bolls have opened wide by this time and the 
seeds have been blown and shaken out by the wind. 

At this period it seems usually necessary for the boll to be at least 
slightly moistened to soften the cell before the weevil can emerge. 
The tests of the amount of moisture required to accomplish this 
show that it is variable and that very little is necessary in some cases. 

That moistening is not always necessary to allow emergence is 
shown by the fact that the writer has observed weevils both in the 
field and in the laboratory emerging from perfectly dry bolls which 
had not been moistened for weeks. These cases seem to be due 
to the imperfect formation of the cell, which is weak enough to 
be broken by the drying of the boll and separation of the seeds. 

From these observations concerning the importance of moisture 
in the emergence of the weevils, it seems quite probable that in the 
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vicinity of Tucson the normal emergence in the mountains: is scat- 
tering during the spring and summer months, depending largely 
upon the frequence of the showers during this period, and that the 
general emergence is produced by the rains of July and August. ~ 


RELATIVE ATTRACTION OF COTTON AND THURBERIA FOR WEEVILS. 


During the season a number of tests were made to determine the 
relative powers of cotton and Thurberia for attracting the weevils. 
Various types of weevils and different foods were used in the different 
lots but the method of procedure was identical for all. 

Large, weevil-proof screen cages were used. ‘They were placed 
on bare ground which was kept slightly moist by an irrigation ditch 
on each side of the row of cages. 

In preparing the cage for the test the Thurberia plant was placed 
upright in one corner about a foot from the wall of the cage and the 
cotton plant was placed diagonally opposite. Then the weevils were 
released on the ground in the center of the cage. Following this, 
examinations were made frequently to determine the amount of 
feeding on each plant and the weevils present on each. All weevils 
found on plants were removed and released in the center of the eage. 
Fresh plants were placed in the cages almost every day or often enough 
to keep green food present at all times. Im order to eliminate the 
influence of light from any selection the weevils might make, the 
positions of the plants were reversed daily. 

All weevils were hibernated individuals which were removed from 
their 1913 pupal cells in Thurberia bolls. The observations may best 
be divided according to the food of the weevils before these were 
placed in the test cages. 


WEEVILS NOT FED BEFORE TESTING. 


On the ist of August 14 males and 14 females removed from bolls 
collected in December, 1913, in the Santa Rita Mountains were 
placed immediately in a cage with cotton and Thurberia plants 
bearing neither squares nor bolls. On August 24 plants with squares 
and bolls were started and continued as the food for the remainder 
of the experiment. 

Feeding began immediately on both plants and was continued 
more or less constantly until the close of the experiment on Septem- 
ber 17. For the first 15 days the feeding was mostly on Thurberia, 
but after that time cotton was more or less favored. The summary 
of the observations for the entire period is as follows: 


Cotton attacked 2: AS Leae BOS aL eee fies eee ara records.. 24 
Churberiaiattackeddsyie Pee Eat ek os sees al ea ie en do.... 16 
Weevils on cotton, 3 male, 21 female..................-....-- total.. 24 
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From this it is seen that more weevils were observed on cotton 
and there was also more feeding on this plant than on Thurberia 
in the course of the entire experiment. At the very beginning 
what seemed to be a preference in favor of Thurberia was noted, but 
this disappeared later. 

On the 4th of August 13 females and 12 males were removed from 
eells in Thurberia bolls collected in the Santa Rita Mountains in 
December, 1913, and kept almost entirely without food (cotton 
leaves fed only once) until August 7. They were then placed in a 
cage with Thurberia and cotton plants, both bearing buds and bolls. 
The experiment was continued until September 17 though the last 
feeding was noted September 11. Throughout this time a slight 
preference in favor of Thurberia was maintained and the summary 
of observations is as follows: 

Cotton attacked.......- UR Cente ott tin cg Ne oe an eee records.. 7 
ERE RaabCaCleed |! AAEEMER Renney GONE PARE nT Le alae ate dos=2-2 13 


Weevils on cotton, 3 male, 4 female, 1 of sex not determined.total.. 8 
Weevils on Thurberia: 7 male, 11 female, 1 of sex not deter- 


TORUS we SAE US Re SNe am eh. 2 ee et Re nO total.. 19 
These two tests of unfed weevils total as follows: 

Records. 

Clot DINGS GOS Se yet Sis eeeemeere rece, \5'2) Aer ek tii tis cua 31 

PAMIMetiaraihackedsees tee sk aM as chs eek SY 32 

CEA SHOMECOLLOM OS: eae eerie oa se eA hoo pate Cpe 32 

Wieevalstonubnurbeniaer sees \lenpapenmpgine ms EM Mitte lke mink i) 2 1 38 


From these figures it is quite evidently useless to attempt to credit 
the weevils with a choice for either plant when unfed before testing. 


WEEVILS FED UPON COTTON SQUARES BEFORE TESTING. 


On the 24th of August 12 weevils of each sex were removed from 
the hibernation cells in Thurberia bolls collected in the Santa Rita 
Mountains December 4, 1913. These were fed upon cotton squares 
from this date until August 31 and then placed in a cage with cotton 
and Thurberia plants bearing buds and bolls. This test was con- 
tinued until September 27 and the feeding continued until that date. 

For the first few days a slight preference in favor of cotton was 
shown, but this soon disappeared and the feeding was much the same 
on the two plants for the remainder of the experimental period. 
The summary of observations 1s as follows: 


PG TACKIM OS COULOM. fs 0 ser a2 cits | ieee gg records... 9 
ASH ONG) ETN a PAN ol Ugo (201) Faecal hea Mes ot 2 eae an GED petit Le ft 
Weevils on cotton: 8 male, 6 female, 1 sex not determined..total.. 15 
Weevilson Thurberia: 11 male, 6 female, 1 sex not determined.do... 18 


From this feeding it is evident that, while the feeding upon cotton 
squares for the first few days after emergence may have caused a 
slight preference in favor of cotton plants early in the test, this did not 
last more than a very short time and then no preference was shown. 
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WEEVILS FED UPCN THURBERIA BEFORE TESTING. 


On August 24 another lot of weevils (11 males and 12 females) 
were removed from cells in Thurberia bolls collected in the Santa 
Rita Mountains December 4, 1913. These weevils were fed upon 
Thurberia buds and leaves until August 31 and then were placed 
in a cage with Thurberia and cotton plants, both bearing squares 
and bolls. Here the initial feeding showed a preference for Thur- 
beria, but this was lost within a few days and the feeding became 
almost equal on the two plants. The test was continued until 
September 17 and feeding lasted until that time. The summary of 
observations for this lot is as follows: 


Attackimerecottony.. 2 ei SM ee sae. ae ee et ee eee records... 7 
AttackineThurbertaseni2t3 Seba! Bae Brae hae eae COsco, 6 
Weevils on cotton: 5 male, 7 female..........-..-..---------- total.. 12 
Weevils on Thurberia: 7 male, 11 female.-.......-- sgh beh eee dosaasenm's 


SUMMARY OF ALL TESTS. 


The summary of the results of the various experiments just detailed 
is given in Table I. 


TaBLe |.—Relative attraction of cotton and Thurberia for weevils. 


Cotton. Thurberia. 
Weevils. Weevils. 
fe ting test. 
Rood Pele SAL AIE Les Plants Sex Plants Sex 
attacked. Fe- not attacked. Fe- not mat 
Male.| ale.| deter- | /otal- Male.| ale.| deter- | otal. 
mined. mined. 

Nonesa22 : sok ca hee ak 31 6 25 1 32 32 10 25 3 38 
Cotton squares.......--- 9 8 6 1 15 7 il 6 1 18 
Thurberia buds. ---.---- 7 5 {( | eee he 12 6 7 el | Ereesayeeyeee 18 
TE OGAUS 2) e es ee AT 19 38 2 59 45 28 42 4 74 


From this table it is seen that, while the cotton plants were at- 
tacked slightly more than the Thurberia, more weevils were observed 
on the latter. It is interesting to note that in the total of the ob- 
servations of the weevils on both plants males were noted 47 times 
and females 80 times. As the weevils used were very nearly equally 
divided as to sex (49 males and 51 females), this seems an instance 
of the greater activity of the females. 

These cage tests seem to indicate that unfed hibernated Thurberia 
weevils display no preference for either plant, while those fed on 
either plant exclusively for a few days after emergence will at 
first favor that plant slightly when offered a choice, but will 
soon feed equally on both. From this it would seem that neither 
plant has the power to attract the weevils away from the other, 
but later observations made in the field are rather contradictory to 
this. The field cotton at the ranch this season was repeatedly at- 
tacked by the weevils, and, while there was considerable injury to 
the squares and bolls on this cotton, only two bolls were attacked on 
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several Thurberia plants growing so close that some branches over- 


lapped the cotton. 
LIFE-HISTORY STUDIES. 


FECUNDITY. 


A number of series of Thurberia weevils were tested to determine 
the fecundity of the females on the different foods. 


WEEVILS FED ON COTTON SQUARES, 


During the season 14 pairs of weevils were mated on cotton squares 
in glass tumblers and the fecundity determined. These weevils 
either emerged from or were removed from their hibernation cells 
in Thurberia bolls collected at different points in the Santa Catalina 
and Santa Rita Mountains. They were all hibernated individuals. 
Nearly all were left on cotton squares until the close of the experiment, 
but two were removed from this food after 17 days and fed on cotton 
bolls for the remainder of the period. 

Of the 14 females thus mated, 13 oviposited more or less normally. 
The other one, placed with cotton squares August 31, deposited one 
egg October 5 and another one October 7 and then stopped. This 
female was still alive and feeding at the close of the experiment on 
November 8. The data showing the activities of the 13 normal 
females are given in Table II. 

Owing to the shorter active season to which the Arizona weevils 
are accustomed, it seemed quite probable that the average fecundity 
of the females would not equal that of the Texas weevils, but this is 
seen not to be the case. These ‘averages secured with thurberiae on 
_cotton squares in 1914 are very nearly as high as those from the 
best series of grandis reared in Texas on the same food in 1913, and 
they are higher than the general average of all series of grandis. 


TasBLeE I1.—Fecundity of Anthonomus grandis thurberiae mated on cotton squares, 


Agua Caliente ranch, Arizona, 1914. 


. peg eal Aver- sans " 
ate . e : 3 age ate ate 
Source of weevils. | first fed sage squares| ,, pate : pe Hele! eggs | female | male 
squares. 88-1 to dep- 8S. aren B88. er dead. dead. 
osition. Pp ; ay. 
Emerged from cells in Days. 
Thurberia bolls-..--- June 23 | July 5 13 | Aug. 10 36 | 176 4.9 | Aug. 10 
Removed from cells 
in Thurberia bolls.-} June 25 | July 15 20 | Aug. 7 24) 116 4.8 | Aug. 7 
: 1.6 | Sept. 14 |] July 12 
4.5 | Aug. 11 | Sept. 11 
3.5 | Aug. 24 | Aug. 14 
4.8 | Aug. 30 | Sept. 4 
4.8 | Aug. 14 | Sept. 11 
3.4 | Sept. 19 
ALS! sade tee 
AIS |e ss aaee 
2 Dee cece ces Oct. 31 
rob osSecis Sept. 12 
3: (1 |POCt 19 
By: ee 
459) |e dagee.%. - 
il agree ete es 


1 These weevils wero fed on squares until Sept. 17, and then on bolls. 


14 BULLETIN 344, U. S. DEPARTMENT OF AGRICULTURE. 


The transfer of some of the weevils from cotton squares to cotton 
bolls late in life seemed to have no effect upon their oviposition as 
they continued ovipositing at about the same rate without a break. 

It is interesting to compare the data presented in this table with 
the results secured by mating thurberiae on cotton squares in the 
same manner at Victoria, Tex., in 1913. Table III gives this com- 
parison. 


TaBLeE ITI.—Comparison of results secured in Arizona and Texas with regard to fecundity 
of Anthonomus grandis thurberiae. 


Average | Average Awereee Maximum 
oviposition] eggs per icone eggs per 
period. female. per d ay. female. 
Days. 
MNOKAS Sao 3c s0 ears ee a OeISE Oe no OE SE Te 32 103. 0 3-2 173 
BANTEVZ OVA =) 2 Sie 2! yes eich SNe ep PSE SISter ae eS 45.1 157.4 3.4 309 


This table shows the greater fecundity of the variety under Arizona 
conditions than under the unnatural environment of southern Texas, 
although the daily rate of oviposition was much the same. 


WEEVILS FED ON COTTON BOLLS. 


Four pairs of hibernated thurberiae were removed from the cells 
in Thurberia bolls and mated on cotton bolls in glass tumblers in the 
same manner that others were mated on cotton squares. The results 
secured from these are shown in Table IV. 


TasLe 1V.—Fecundity of Anthonomus grandis thurberiae on cotton bolls, Agua Caliente 
Ranch, Arizona, 1914. 


Beune O cr Dat Dat 
Date e vipo- ate ate 
Source of weevils. first fed pe Dale bolls to Dale sition hotel aoe female male 
bolls. 88. deposi- g8. period. BES. soe dead. dead. 
tion day. 
Removed from cells in Daus. Days. 
Thurberia bolls. ...--- July 13} July 20 u Aug. 13 25 7 0.3 | Aug. 24 | July 19 
DOS Se ee ees Aug. 10 22 64 2.9 | Aug. 13 | Aug. 17 
LD Yopen Opa renee ee ee Ae0 se o-oo: 55 Aug. 17 29 84 2.9 | Aug. 30 
DOL ee ees ake : : Oct. 14 55 {190 3.4 | Oct. 21 
Rotalessee 131 345 wlist ae lI RES pees: 
Average... BV CHeltben he ZO |e soesetee 
Maximum. . 55 {190 Si AH ols salen se a | 
Minimum 


22 7 potato dsbes | 


From this table it is seen that the weevils displayed a comparatively 
low degree of fecundity. This is seemingly in direct contradiction 
to the results secured in the series of weevils on live plants in the 
field and also of those offered a choice between cotton squares and 
bolls. Quite a number of tests in glass tumblers were made during 
the season to detérmine the preference displayed by the weevils in 
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relation to cotton bolls and squares. These all gave the same result, 
namely, that cotton bolls were much preferred to cotton squares. 
While there would always be some feeding upon the squares and an 
occasional ege would be deposited in them, by far the greater part 
of the feeding and deposition was on the bolls. In the field experi- 
ments where the weevils were placed on growing cotton plants there 
was some feeding on squares but the bolls received almost all of the 
feeding and deposition. In the breeding experiments where weevils 
were mated on squares for some time and then placed on bolls the 
oviposition continued through the change of food without diminution. 
In view of these observations it seems quite reasonable to believe that 
the cotton bolls are better suited to the weevil than the squares and 
hence it is hard to account for the much lower fecundity shown by 
the weevils in this boll-fed series than by those in the corresponding 
series fed upon squares. 


WEEVILS FED ON THURBERIA. 


At different times during the season weevils were removed from 
their hibernation cells in Thurberia bolls and mated in glass tumblers 
containing Thurberia leaves, squares, and bolls. For some reason 
these attempts to secure egg deposition were almost total failures. 
Nine pairs were mated in this manner and of these, seven females 
failed to deposit any eggs, one deposited a single egg, and the other 
deposited 66 eggs. This last female was placed with the food Sep- 
tember 1, deposited the first egg September 23, and the last October 
16, giving an oviposition period of 24 days. The average number of 
eggs per day was 2.7. 

Some of the females which did not oviposit were allowed to live until 
their normal death, while others were killed after some weeks because 
of lack of food. It is difficult to determine the cause of this failure 
of the females to oviposit, but it is probably due to some fault in the 
breeding methods. One point which was noted in this connection 
was the extreme rapidity with which Thurberia bolls ripen after 
removal from the plant and hence become unfit for egg deposition. 
The seeds dry and harden very rapidly even though the boll is quite 
small. In such bolls the weevils will feed through the tender tissue 
near the stem end, but will not oviposit. The experimental conditions 
(cages, tumblers, etc.) were exactly the same as those for weevils 
upon cotton squares and bolls which were ovipositing normally at 
this same time, so the cause evidently was some fault with the con- 
dition of the food. Two females which were allowed to remain in 
tumblers with Thurberia bolls and squares for 14 days without 
oviposition were then transferred to living Thurberia plants in the 
field and they immediately began ovipositing. 
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DEVELOPMENTAL PERIOD. 


IN COTTON SQUARES. 


No observations were made on the Jength of the different immature 
stages in cotton squares, but the total developmental period was 
studied throughout the season from eggs deposited from July 6 to 
about the ist of November. The squares were placed on moist sand 
in glass tumblers each day and the sand was kept damp. The date 
of the emergence of the adult was noted and the period between egg 
deposition and adult emergence was thus determined. However, 
this period was often not a true developmental period because it was 
found that, instead of emerging within a day or two after transform- 
ing to adult, as is the case with grandis in the Southern States, many 
of the weevils would remain in the cells for some days after becoming 
adult. This was particularly the case during the latter part of the 
season. 

In watching for the emergence of adults each lot of squares was 
examined daily for about 20 days after egg deposition and then was 
examined only occasionally. In this way the dates of emergence 
were secured when the weevils emerged shortly after becoming 


~ adults, but late in the season many emerged after the daily observa- 


tions had been stopped and consequently no figures were secured on 
their time of emergence. As this delayed emergence did not become 
usual with the weevils until those from eggs deposited after the Ist 
of September had developed, the data have been divided at this date 
and are given in Tables V and VI. 

The figures in Table V are probably very nearly those for a develop- 
mental period such as is experienced by the Texas cotton boll weevils 
and the periods are surprisingly similar to those of cotton boll weevils. 
It is interesting to note that the average developmental period of 
both sexes of thurberiae in Arizona was 15.4 days while in southern 
Texas it was 18.5 days. It seems probable that nearly all of the 
weevils included in Table VI delayed emergence. This was probably 
due to the approach of the time for entering hibernation. From the 
squares receiving eggs before September 1, 71 weevils emerged in 
normal time and 2 were retarded, while from those receiving eggs 
after this date 10 emerged more or less normally and 48 were retarded. 

In this series 1,260 squares containing eggs were observed and 
these produced 145 weevils, including those found in the cells. In 
other words, only 11.5 per cent of the squares receiving eggs pro- 
duced adults. This is a very low percentage and seems to indicate 
that the cotton squares are not completely suited to the development 
of the Arizona weevil. 
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Taste V.—Developmental period of Anthonomus grandis thurberiae in cotton squares, 
. Arizona, 1914; eggs deposited before Sept. 1. 


Males. 
Date 
Date 
8888 adults 
depos- Num- 
eal PRA ed Period.| ber 
weevils. 
Days 
July 6] July 24 18 1 
7 | July 25 18 1 
Pn MAN EL LY ee Nic c Soria tla eeene 
9| July 23 14 1 
9] July 24 15 1 
RON 255 ec cme ce iclaoae eee 
MeO URL: 2G encase < athe cb cal Seeger 
12 | July 25 13 2 
12 | July 28 16 1 
18) ekeG genes 15 1 
14 | July 27 13 1 
MAGE Yy. 628) «t=. SSS 
WAS eAato.y 1 | eh. SS ee 
15 | July 29 14 3 
15 | July 30 15 ik 
15 | Aug. 1 17 1 
16 | July 29 13 1 
16 | July 30 14 1 
16; Aug. 1 16 2 
16 | Aug. 4 18 2 
17 | Aug. 1 15 2 
TS) {[ (0 Foie el (eet ape cpa ee 2,9 (ie Sa en 


Aug. 


Total weevils of 
both sexes. 

Average ° period 
for both sexes. 


Weevil} »... 
days. Period. 
Days 
8 ves--fc hs 55s 
18 18 
Be eee 14 
14 14 
15) Is Wyant: 
SE hates 14 
Pine ertee 15 
DG 2 sllctercrerers 
LG) solic br stereters 
Ge Su) ee Sees 
13 
pier 14 
Bets 18 
42 14 
15 15 
17 
13 
14 14 
32 16 
36 
30 15 
14 


Temales. 


6 
Adult 


pret ee Stages found upon 


not ec rt of 
noted. q ‘ 


Sees ard 1 adult died in cell 
without emerging. 


Seneaieeet Do. 


aaah e 1 male dead. 
wa aera erste 1 adult dead in cell. 


1“ Weevildays”’ is the term applied to the sum of the time periods experienced by the various individuals 
during the course of the observations. 


2 Female. 
3 Male. 


At the close of the experiment in November all squares were exam- 
ined and the following stages were found remaining in them: 9 dead 
adults, 5 live adults, 7 live pupe, and 12 live larve. The live adults 
were found only in squares receiving eggs after October 14, so it is 
quite possible that they would still have emerged. The immature 
stages were in the later lots of squares and probably had not had 


time to become adult. 
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TaBLE VI.—Developmental period of Anthonomus grandis thurberiae in cotton squares, 


Arizona, 1914; eggs deposited after Sept. 1. 


° 
Males. Females. 
wats yee = & |= _ | Adultemerged but: 
eggs de-| adults , Sy | cn ; Oy | 4 8 
posited. | emerged 3 ae e A xg ae b 3 date not noted. 
fe 23 oS = ae og 
a |2F |e uae rareul\ ss 
Days. Days 
P13) 07 Pau On Lege ase | I eT See Se. I Ue || ae | Th Se Sid iS Oe Vimaleij2: Be 22s = 
Di Nis Sserove a oe i6,2| Gee eae ere [arses tere ake all eekercle cea ep Seeercrel| eeereeeees 1 female........... 
DM Ssh os 35. SIS EEE ES a ee | oe 2females.........- 
Discs tate Sele ol Mies ee Seal lestedas oie sall Seto all ee ete all ee oes | ee ee 3 males and 2 fe- 
males. 
aU eee ie eh yes (earn ee es ete | es Aree |S Oe eee Me ea 1 weevil..........- 
17} Oct. 8 18 2) 36 18 APT Sse, (| cei ee RN PER ee 
19 | Oct. 21 32 0 Del aes tae | Reece F 5 DE A Ie es 1 female........... 
DE it SRS ro ee Sal ee Save I SS eee ae 2 males and 3 fe- 
males. 
23. Pe NS Se ee SAIC ea SEE SIE SES ERE Ue eee ee ree 1 male and 2 fe- 
males. 
29 | Oct. 21 22 2)| 44 22 2) 44 4 males and 1 fe- 
male. 
Ochi les-doszees 20 NS | Ia ena | Sees gee bay Bae ales ees 1 male and 2 fe- 
males. 
3 | Oct. 22 19 ALY) UOT) eee a ae a ee ee 3 females.........- 
Sr) (ie a ae as | [Ee | ee ee ee a ee 2 males and 4 fe- 
males. 
of) ae ae Karena Rene | SN erate eg 2 Sehes| Leogge sels Oe, « geeal|as Mine 2 males and 1 fe- 
male. 
Q) |, beats alate. 22 23] Ssasahdedeion|t Seek col eeebeoaliace sees 1 male and 1 female 
LW Het distin: Jaee18 oes. Sea < clB See AE rae eee 1 weevil.......---- 
0 UT Fea a (ee es (ae eee tabor © eae hts caret Sed canto es Ne le 2 males and 3 fe- 
males 
Gi ee oese ac eclleee ee aalas econ Ghee ce |Paoeose | PEseees leaner 1 female.........-- 
19: eee eke lee A See eee eee ele See eral eee ee epee 1 male and 1 female 
QU oes, <a iaie cioclfta.ceiasata pl te mrsseteces al cee | sso emcee eRe e ctR ce ae 
D223 aa iene (a etc (eee 9. | SER | et eee ey Ba tee eel 
76M ea ENE eye eli (Soe | Lava | Apo Se fe) eee aya) tae Seen es Fee a eek 
QBN LABEL ee SS EIR pS) Ske eee 2 Oe eae i ee |e aaa | en ae 
BI ee SO SNEA a eS SIRE Sa a2 8 | aE as ee 
Nove: 2-(2255 22552 Misa a Sea ESS Le ST Se epee ee a ne 
anor eal eee TS al Fi PRB Mee WANN as (eae aay Ie ae 
AWiCEAS Chester eee oeereerae 7A Baooe nee tbocar 20.6 i] .2 pk £2 ee ee 
Total weevils of LO) vlad dado beth le AS A a 
both sexes. 
Average period, QUIS AUALIE A EET. 2 eae Se ea ee 


both sexes. 


Stages found upon 
examination of 
squares. 


1 female dead. 


2 females and 
male dead. 


2 females and 
male alive. 
1 female alive. 


1 teneral male, 4 
pupe, and 1 Tar- 
va alive. 

2 pupe and 1 larva 
alive in cells 
Nov. 9. 

1 pupa and 3 larvee 
alive in cells 
Nov. 9. 

2 larve alive in 
cells Nov. 9. 

3 larve alive in 
cells Nov. 9. 

2 larve alive in 
cells Nov. 9. 


In the examination of these squares a great number of the non- 
producing ones were found to have the contents more or less eaten 
by weevil larve. These larve were evidently unable to survive 
upon this food. Of course the larval mortality is quite high in any 
breeding series of either grandis or thurberiae regardless of the food, 
but this is certainly higher than usual. 


IN COTTON BOLLS. 


The developmental period of the weevil in cotton bolls was studied 


in the same manner as that just described for cotton squares. 


results of this series are given in Table VII. 


The 
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TasLe VII.—Developmental ‘period of Anthonomus grandis thurberiae in cotton bolls, 
Agua Caliente ranch, Arizona, 1914. 


. Males. Females. 
ee Date Conditions found at examination 
dults of bolls at close of experiment, 
depos- | ,2 Num- Num- : 
ted emerged. | poriog.| ber see Ranioa! |! hat weot on Nov. 10, 1914. 
weevils.| C2Y weevils,| C2YS- 
Days. Days 
July 13 | July 30 17 1 117 rll (Rk tenors eee 2 A : } 
23 1 live female in cell, 2 dead larve, 


1 live female, 2 pupe, and 1 larva 
dead. 

i live and 1 dead adult in cells. 

1 dead adult in cell. 


Aug. 

1 male has emerged. 

1 dead adult in cell.1 
Do.t 

1 live pupa in cell. 


1 dead adult in cell.1 

1 female emerged before Sept. 22. 

3 dead adults in cells. 

1 mae alive and 1 female dead in 
cells 


Sept. 1 | Sept. 22 21 1 21 21 1 21 1 female alive, 2 adults dead. 
BAS oe 5 So) VAN Ree hs ie is PS | ee ee be ea ee 1 male alive in cell. 
BN cence oa Lee Peele scales mesa |k acslans span cece sel memm aoe 1 mele emerged, 1 adult and pupa 
ead 
4) eee en See ap eee ae oN cia cicedfe ge Matera cece cae 1 male alive in cell. 

Uo Ele cme cached BREA fe) Ise eee eee kaa Ga be a hee ee [eo ee a a 2 adults dead. 

1 | ee | Cianciotto |'S rare Sn cil icmp ropsis | persis aids 1 live female. 

Le ees Soe ae Ses ee eh se eet ee be BRR ee bee Se a 8 Ne ee ee 1 male has emerged. 

7)1| See ne] cancel eiac talec bowel ita) aleoe 2ah|eaeeeee alse sis. cins 1 male, 1 female emerged; 1 male 
alive. 

THe - Sq dOce| Be Onn Soe COSSEAEG GEO SEOr eS EeRenaE Ger oEose Camere 2 adults alive, 2 adults dead. 

Oli ba | Oh SO Ae ae el fe eee Se ee eee ee ee ee eee | eer eae 3 mele emerged, 1 male alive in 
cell. 

5 RIT 2 aise 8 BD ge ee] ab ae Soe Ae De 8B | 888 ls 2 2 males emerged, 3 adults alive in 
cell; 1 male dead in cell. 

PND eee Le Sea iL . Sot cktoe cet cso CL EEES A MELEE SO SREL. 23582 1 male emerged, 1 male and 1 fe- 
male alive in cell, 1 male dead in 
cell. 

OM er ences eioe sida sa come sal eiies acee|sesate sot sueteclseetce af 2 males alive in cell. 

Wet. WV ALIEELE FAECES SUSE E SEO 87, SS OL CT Pe) See Th 1 female emerged, 2 males and 1 
female alive in cell, 1 larva alive 
in cell. 

S} ll cient: het her crenes cae NES Peg aires SESE fe |ESepi mers ea) Dre eh eo Se Ue ge 1 female emerged, 1 adult dead in 
cell. 

Oh IN einer ey oS [ood deal cis scisie a] eimycreteicieleieicmis a0 3 weevils alive in cells. 

U llesetcececc|lkconeeedlbossceg SaceneEe Des Eeted Eeeeeeee aaneree 2 adults alive in cells. 

 |loseessiace||ig8bsass btesesadbousas=qposeqsedouascboa|beeseee 2 adults and 2 pupe alive in cells. 

1 eee raares |e Sere yarn nc tt leek Seo he, clctarmiotsie [ete 2 2 adults alive in cells. 

Me! |e sodedioc.: lls seeaol 4 PSkeeE oe Heoseee «| Has Cebee BeSHanee a aeamens 1 weevil and 1 larva alive. 

GT | Rea Pre ee |e eek le ae eee Oe EM Sua Pkt 4 pupe and 1 larva alive in cell. 

MO pesado od) |: SGSeBe el ec ane) acct eel eee IRON! lees east (eles seme ois 2 pup and 1 larva alive in cell. 

Motaltetees pees. xo 4 a eaeesce 3 67 
CFA RGEES OSN ED. OUR ee. O05 |. shee ki aah oe 22.3 
Total weevils, 

both sexes... .. 7 
Average period, i 

both sexes. -..- 21.4 


1 These adults were evidently killed by proliferation. 


From this table it is seen that the results of rearings in cotton 
bolls differ very widely from those in cotton squares. The most 
marked difference is in the tendency exhibited by the weevils to 
remain,in hibernation in the cells in the bolls. In fact, only seven 
weevils emerged directly after what might be termed a normal devel- 
» opmental period. 
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All bolls were retained, and at the close of the experiments on 
November 10 all were opened and the contents noted: This exami- 
nation showed that 15 adults had emerged after observations were 
stopped, 33 adults were alive in cells, 22 adults were dead in cells, 
9 pupe were alive in cells, 4 larve were alive in cells, and 3 larve 
were dead in cells. Thus it is seen that 22 adults emerged, 33 
remained alive in the cells, and 22 died in them. : 

The developmental period for the seven weevils which were 
observed at the time of emergence varied from 17 to 28 days, with 
an average of 21.4 days. In Texas the Thurberia weevils averaged 
25 days in cotton bolls. They displayed the same tendency to delay 
emergence some days after maturity but did not attempt to hiber- 
nate in the cell as in Arizona. 

Many of the records point to the great irregularity of the devel- 
opment in cotton bolls. In one case where the egg was deposited 
August 13 a live pupa was found in the boll on November 10, or 
a total of 58 days for incubation plus larval plus part of pupal period. 
In another case where the egg was deposited October 1 a live larva 
was found November 10, or a total of 40 days for incubation plus 


_ part of larval period. When it is remembered that under the same 


- conditions adults were produced and emerged in as few as 17 days 
after egg deposition, these records are all the more striking. 

The death of the adults due to proliferation is quite interesting. 
Five were found which were quite evidently killed by this agency. 
In these cases the weevils had formed more or less normal pupal 
cells, but the growth of the tissue broke these and pressed the adults 
to death. Of course, there was no way to determine how many of 
the immature stages were killed by this phenomenon, but the num- 
ber was probably quite high. 


IN THURBERIA BOLLS. 


The Thurberia bolls containing eggs secured in the different series 
of weevils fed upon this food were placed on moist sand in tumblers 
and an attempt made to rear adults. In such tests the bolls were 
always as green and fresh as possible and were selected as seeming 
best adapted for larval food. Early in the investigation it was quite 
apparent that a single moistening of the sand in the tumbler would 
not suffice to keep the boll fit for larval food through the develop- 
mental period, so the sand was moistened frequently. In this way 
what seemed to be the best conditions for development were secured, 
but, in spite of this, the attempt was almost a total failure. 

Thirty bolls containng many eggs deposited from June 30 to 
October 16 were observed, and only one weevil emerged from the 
entire lot. This was a male which emerged October 31 from a boll 
which had received an egg October 1, giving a total period from 
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Fig. 1.—CAGED THURBERIA PLANTS INFESTED WITH WEEVILS. (ORIGINAL.) | 


Fig. 2.—CAGES OVER COTTON PLANTS USED IN STUDIES ON WEEVIL ACTIVITY. 
(ORIGINAL.) 


TYPES OF REARING CAGES SIMULATING NATURAL CONDITIONS, 
USED IN STUDIES ON THE BIOLOGY OF THE ARIZONA WILD 
COTTON WEEVIL. 
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deposition to adult emergence of 31 days. At the close of the ex- 
periment all bolls were opened and the contents examined. Almost” 
all of them showed not the slightest signs of weevil larval work 
and only one weevil stage was found. This was a pupa found 
November 9 in a boll which received an egg October 14. 

Thurberia buds were tested in the same manner several times 
during the season but always with negative results. In fact, it was 
found exceedingly difficult to induce the weevils to deposit in them. 


TESTS OF CAGED WEEVILS ON GROWING PLANTS. 


ON THURBERIA PLANTS. 


In order to study the activities of the weevils upon Thurberia 
plants in the field, a large cage was arranged over a plant growing 
under cultivation at the ranch. (PI. II, fig. 1.) The plant was 
nearly 5 feet tall and well laden with buds, blooms, and bolls. 

Two male and two female weevils were removed from hibernation 
cells in the Thurberia bolls August 30 and fed upon Thurberia buds 
and leaves in captivity until September 14. They were then released 
in the cage with the growing Thurberia plant. 

On September 17 two small buds had fallen to the ground with 
feeding punctures. On the 21st 6 small bolls, 3 buds, and 2 blooms 
had fallen, all fed upon by the weevils. Several of the fallen bolls 
and many still hanging on the plant contained egg punctures. 

On October 2 it was noted that a very large proportion of the 
bolls of the plant had been punctured and many contained eggs or 
larve, but very few squares had been attacked. 

The plant stopped blooming about October 10, and at this time 
many of the bolls had the purplish color characteristic of those 
infested. No bolls were on the ground, and a rather violent shaking 
of the plant failed to cause any to drop. On October 31 one male 
weevil was found active on the roof of the cage. A very careful 
examination of the plant and trash in the cage failed to reveal any - 
other weevils. The infested bolls were still hanging on the plant. 

On January 2, 1915, all bolls were removed from this plant and 
the cage examined for weevils. No adults, either alive or dead, 
were found in the trash or on the cage walls. All bolls were exam- 
ined and the following contents noted: 271 bolls taken from the 
plant were examined; 123 were uninjured, 115 were injured but 
contained no weevil stages, 30 contained live adults, and 3 con- 
tamed 1 dead larva, 1 dead pupa, and 1 dead adult, respectively. 
Eight bolls found on the ground were examined and 6 were found 
to show signs of weevil injury, but no stages were present. Of the 
total of 279 bolls examined, 154 had been injured more or less by 
the weevils, or an infestation of 55.2 per cent. This indicates what 
was certainly a great activity on the part of the two females. 
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The fact that while 154 bolls showed signs of weevil injury, only 
30 (19.4 per cent) contained live adults on January 2, indicates a 
very high larval mortality. Most of the injured bolls containing no 
stages showed only one or two seeds eaten out by larve, though in 
some the injury was more extensive. Whether or not this high 
larval mortality is found in nature is open to doubt, but the cage 
conditions very closely approximated those under which the lower 
plants and weevils exist. This larval mortality may explain one 
puzzling point in connection with the interrelation of the Thurberia 
plant and weevil—that is, why the weevil does not multiply entirely 
out of proportion to the abundance of its very restricted host plant 
when the females are evidently so extremely prolific in egg deposition. 


ON COTTON PLANTS. 


In the same manner that these weevils were tested upon growing 
Thurberia plants, others were tested on growing cotton plants. 
Five cages, three large and two small, were placed over rows of 
plants about 16 inches tall. These plants were all bearing squares, 
_ blooms, and bolls. A general view of these cages is shown in Plate II, 

- figure 2. All weevils were collected feeding on Thurberia in the Santa 
Rita Mountains September 25 and kept without food for four days. 

The weevils were introduced into the various cages September 29. 
The small cages (Nos. 8 and 9) each received two males and two 
females while the large cages (Nos. 3, 6, and 7) each received four of 
each sex. Following the introduction of these weevils the cages were 
examined frequently until October 31. The following is a summary 
of the injured forms which fell from the plants during this period: 

Cage No. 8, 11 small bolls. 

Cage No. 9, 14 small bolls, 2 squares. 

Cage No. 3, 22 small bolls, 2 squares, and 1 bloom. 
Cage No. 6, 13 small bolls, 3 squares, and 1 bloom. 
Cage No. 7, 18 small bolls, 1 square. 

It is interesting to note that all the egg deposition was in the bolls. 
In fact there was only a comparatively small amount of feeding on 
the squares and little more on the blooms. For egg deposition the 
female seems to prefer bolls from about one-fourth to one-third 
grown. Some of the smallest of these drop from the plant when the 
larval injury becomes severe but nearly all remain hanging. 

On October 31 a final examination of all cages was made. At this 
time the leaves and other trash piled in the cage was examined for 
hibernating adults and the plants were examined for active ones. 
One weevil was found active on the wall of a cage, one was feeding 
on a bloom, and one was dead inside the bracts of a boll. One male 
and one female, both dead, were found at the bottom of a pile of 
trash. 
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On January 2, 1915, all bolls were collected from the cages and 
examined for weevil injury or stages. The results are shown in 


Table VIII. 


TasLe VIII.— Weevil stages found in cotton bolls taken from caged plants, Jan. 2, 1915. 


Bolls. Live weevil stages. Dead weevil stages. 

Cage No. a mained. 
«Not weevil | Larve. | Pupz. | Adults. | Larve. | Pupe. | Adults. 

injured. stages 

present. 
Oia fs ais set) + 15 1 gee aa cel Seas ScOSee BES Cece ee | ae eee aeamemee nampa! (mi sy yeeaae 
oe AE eae 7 tl ea | ho el eon esl | eae ne (Seema el Fe ome ese 
Beers eae se is ~ 11 1G} Re mepeccee 2 Ba Ee ee eee nee (a= teks 
(Teens Oop nee see ee eee 5 7 2 1 A eee = eee 1 ee Se eee 
Ween ee eee oss sass 6 2 1 1 (fe ee eet ee eee 
Total 44 34 3 4 1S eee ar 715 | ee oe 


The fact that only two weevils had emerged, both from fallen bolls, 
indicated the strong adherence of the weevil to the cell hibernation 
habit, even when transferred to cotton. One of the weevils which 
had emerged was found active on the ground and, judging from its 
condition, it had emerged only a short time before collection. A 
comparison of the number of immature stages found in these cotton 
bolls with that found in Thurberia bolls in a similar cage test shows 
the retarded development under the unnatural conditions of a cotton 
boll. 

PARASITES AND PREDATORY ENEMIES OF THE WEEVIL. 


In the course of the season’s investigations several hundred infested 
Thurberia bolls were collected at various points in the Santa Catalina 
and Santa Rita Mountains and the adult weevils were reared. In 
spite of the great number of these bolls which were utilized, not a 
single parasite emerged. Not a record of weevil parasitism was 
made by the writer during the entire season. 

Only one case of predaceous insects attacking thurberiae was noted. 
On September 25 in the arroyo below Saw Mill Canyon, Santa Rita 
Mountains, at about 3,500 feet altitude, three Phymatide were 
observed feeding on adult weevils. These have been determined by 
Mr. Otto Heidemann as Phymata erosa var. fasciata Gray (one female) 
and Macrocephalus inequalis Champ. (two males). The latter of 
these was the more abundant at this time. 


WASHINGTON : GOVERNMENT PRINTING OFFICB: 1916 


ADDITIONAL COPIES 


OF THIS PUBLICATION MAY BE PROCURED FROM: 
THE SUPERINTENDENT OF DOCUMENTS 
GOVERNMENT PRINTING OFFICE 
WASHINGTON, D. C. 

AT 


5 CENTS PER COPY 
Vv 


\ 


UNITED STATES DEPARTMENT OF AGRICULTURE 


Contribution from the Bureau of Entomology 
L. O. HOWARD, Chief 


Washington, D. C. PROFESSIONAL PAPER February 5, 1916 


NOTES ON THE PREOVIPOSITION PERIOD OF THE 
HOUSE FLY, MUSCA DOMESTICA L. 


By R. H. Hurcutson, Scientific Assistant. 


CONTENTS. 
Page. Page 
Mmirodweioms syst seccce sas fea see signe ee ily soneewityee =. che gi ces oan eee el eae | 12 
The preoviposition period..........-.-.----- 3) || SSE pyre eae 3 tie tes ace See ee eee 13 
Conmlationen sere secete Noe aes eee ee es 12\|\ Miteratumeieited®)\..2). 32)... sscele ceecse =e 18 
INTRODUCTION. 


During recent years a great deal of emphasis has been laid upon 
the use of flytraps as a means of reducing and controlling flies. The 
popularity of trapping is based not only on the immediate results 
obtained, but also upon the claim that many female flies will be 
caught before they have laid their first eggs, and that thus the possi- 
ble number of future generations will be greatly reduced. For much 
the same reason it has been urged that trapping flies in the early 
spring is effective in reducing the number of future generations. An 
apparent justification for this method of control was found in the 
published records of experiments and observations indicating a rather 
long period of time between the emergence of the adult fly and the 
first deposition of eggs. 

Entomologists have been aware that these methods of control were 
founded upon a rather meager scientific basis. Comparatively few 
accurate data have been published bearing upon the length of the 
preoviposition period. The necessity of more data on this phase of 
the life history of the house fly was clearly pointed out by Dr. L. O. 
Howard (1911), and upon his suggestion work along these lines was 
begun during the season of 1913. The work has been carried out 
under the general direction of Mr. W. D. Hunter. A few experiments 
on the preoviposition period were carried out by the writer during 
the season of 1913 at Arlington, Va., and others during the spring of 

Note.—This paper is intended for entomologists and others who are interested in the extermination 


of house flies. 
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1914 at, New Orleans, La., at which place Mr. T. E. Holloway rendered 
great assistance. During the summer of 1914 an extended series of 
experiments was carried out by Mr. A. W. J. Pomeroy. After the 
severance of his connection with the bureau at the end of October 
the experiments which he had under way were continued during the 
fall by Mr. J. L. Webb, and during the winter months the writer 
continued the work in the greenhouses of the Arlington experiment 
farm of the Bureau of Plant Industry. 


METHODS USED IN THE PREOVIPOSITION EXPERIMENTS. 


In the experiments to determine the length of the preoviposition 
period (1. e., the time between the emergence of the adult fly and the 
first deposition of eggs) laboratory-bred flies were used. The breed- 
ing was carried out in a systematic way, and several strains or ‘pure 
lines”’ were followed out through five or six generations. Most of 
the strains were started from a small number of larve or pupe found 
in manure piles, and the first flies to emerge from material thus col- 
lected were used as the parents of the strain. In one case, however, 
a strain was started from a pair of flies taken in coitu on July 25, 
1914. Eggs were deposited on August 2, and breeding of this strain 


- was continued through six generations. 


The adult flies were kept in small cages. A type of cage found 
very satisfactory for this work was 22 inches high by 12 inches square. 
The framework was of soft pie 1 inch square. The top, bottom, 
and three sides were covered with bronzed screen wire, 16 mesh per 
inch. The fourth side, or front of the cage, was covered with screen 
wire about 8 inches down from the top. Below this was a board 
about 8 inches wide, in which was cut an armhole 5 inches in diame- 
ter. A sleeve of closely-woven black cloth was tacked over this. 
Below the board was fitted a drawer 4 inches deep, in which food 
and material for deposition were kept. Cages of this size were easily 
and quickly handled, and any part of the interior of the cage could 
be easily reached through the armhole, the sleeve preventing the 
escape of any flies during manipulations. The sliding drawer at the 
bottom of the cage made it possible to remove the contents and exam- 
ine them for eggs without permitting any flies to escape. These cages 
were kept on the shelves of a screened insectary and were protected 
from the direct rays of the sun most of the day, but were freely 
exposed to air currents and to the outdoor conditions of temperature 
and humidity. 

Flies were transferred to these cages soon after emergence and 
supplied with food and media for oviposition. The cages were 
examined daily; any dead flies were removed and the sex noted at 
the time of removal. In this way at the end of the experiment the 
total number of males and females was summed up, and the length 
of life of each fly in the lot was known. The manure or other medium 
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wes removed each day and examined carefully for eggs. Fresh horse 
manure was supplied each day, care being taken that the manure 
was not fly-blown before it was introduced into the cages. This was 
managed by taking fresh manure from the stables early in the morn- 
ing and keeping it in covered cans until used, and then examining it 
before introducing it into the cages. During midsummer the addi- 
tional precaution was taken of boiling the manure for one-half hour 
before it was put in the cages. When other media were used for 
oviposition the same precautions against previous infestation were 
taken. At the time of the daily examination of the cages, and at 
other times as opportunity offered, observations were made as to 
copulations. As a rule a regular routine of observations was fol- 


- lowed out with each lot of flies as long as any of them remained alive. 


In a few cases, however, the flies were killed after the first deposition 
of eggs in order to provide cage space for the new lots of flies emerging. 

When, upon examination of the cages, it was found that eggs had 
been deposited, these were transferred, together with the medium, to 
small breeding boxes. These breeding boxes were of wood and very 
tightly made so that no cracks offered a chance for the escape of migrat- 
ing larve. Boxes of two sizes were used. When the number of eggs 
was small they were bred out in small boxes measuring 8 by 8 by 10 
inches, and for larger lots boxes measuring 12 by 18 by 12 inches were 
used. In one end of these boxes was an armhole 5 or 6 inches in 
diameter. Tacked carefully over this was a sleeve of black cloth of 
close weave. This was kept tightly closed with a rubber band when 
not in use. The top of each box was covered with a glass plate. 
Thus any flies could be seen as soon as they emerged. 

As soon after emergence as possible the flies were transferred from 
the breeding boxes to the cages described above. This was done 
by capturing them in vials introduced through the sleeve, or by con- 
necting the armhole of the breeding box with that of the cage by 
means of a glass cylinder. When the breeding box was darkened the 
flies soon found their way into the cage through the cylinder. Some- 
times the puparia were collected from a breeding box before any 
emergence had taken place and put into vials or pill boxes and covered 
with sand. These were put into cages until emergence had occurred. 
After the first lot of flies had emerged the remaining puparia were 
transferred to another cage to obtain a second lot, and so on until all 
had emerged. 

THE PREOVIPOSITION PERIOD. 

The preoviposition period was determined in some 70 experiments 
during the season of 1914. Table I summarizes the results of these 
experiments, most of which are based on Mr. Pomeroy’s notes but 
which include also some experiments by Mr. Webb and the writer, 
carried out during the autumn and winter. They have been arranged 
in the table in the order of the increasing length of the period. 
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Many attempts were made by Mr. Pomeroy to keep isolated pairs 
of flies under as natural conditions as possible in order to obtain not 
only the preoviposition period but also the number of depositions per 
fly and the number of eggs per deposition. The usual method was 
to remove from a lot of laboratory bred flies the first pair which were 
found in copulation. After transfer to a separate cage they were 
supplied with food and a medium for oviposition and were kept under 
observation in much the same way as the larger lots. The results of 
the tests with isolated pairs are summarized in Table II. 

The fact that only 7 out of some 30 tests gave any positive results 
points to the difficulties in obtaining significant data from experi- 
ments performed under artificial conditions. 

The shortest preoviposition period was about two and one-half days 
(Table I, lot No. 1). Mr. Pomeroy’s original notes on this lot show 
that the ‘‘flies emerged some time between August 18, 10.30 a. m., 
and August 19, 9.30 a. m.,’”’ at which time they were “‘transferred to 
cage and supplied with banana, water, and fresh manure. Examined 
August 20 at 3.30 p.m. No eggs were found. Fresh manure sup- 
plied. August 21, at 1 p. m., two clusters of eggs were found, 80 to 
90 eggs in each cluster.” Now, if the flies which deposited these eggs 
had emerged on the afternoon of the 18th the preoviposition period 
was a little longer than two and one-half days. If they had emerged 

- during the morning of the 19th before 9.30 a. m. the period was a little 
less than two and one-half days. Other remarkably short periods 
are to be found in the three 3-day periods shown in the table, and in 
the four 4-day records. It is reasonable to suppose that if these short 
periods were found under artificial experimental conditions they 
would be not at all uncommon under natural conditions. 

| The longest period was one of 23 days (Table I, lot No. 69). In 
general it may be said that the shortest records occurred in mid- 
summer and that the longer ones were obtained during the autumn 
months. It is true that some long periods were found in summer, 
e. g., a 14-day and a 16-day record in July, but no short records were 
ever found during the autumn months. In other words, the length of 
the preoviposition period is greatly influenced by the temperature. 
A study of Table I will show that the arrangement according to the 
increasing length of the period corresponds in a rough way with the 
order of the decreasing mean temperatures of those periods. The 
relation between the temperature and thelength of the preoviposition 
period is made clearer in the correlation table (Table III), in which 
the columns give the preoviposition period in days and the rows 
represent 2° intervals of temperature. 
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Taste IIl.—Correlation between the average mean temperature and the length of the 
preoviposition period of the house fly. 


Average Length of the preoviposition period in days. 
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To represent this relation graphically the average of the average 
mean temperatures for all the records of a given length has been taken, 
and the following figures obtained: x 


Average of the 
eae Blumberg! average Mean 


temperatures. 
Days. oF: 
24 1 82.5 
3 3 80.9 
4 4 79.5 
5 3 79.2 
6 6 74.9 
di 1 78.5 
8 2 75.2 
9 10 lsd 
10 4 67.1 
11 6 65.8 
12 8 68.1 
13 1 67.3 
14 9 63.9 
15 1 66.7 
16 2 68.8 
17 5 65.8 
18 1 59.1 
19 2 62.3 
20 1 63.5 
22 1 61 
23 1 65.1 


Figure 1 shows the curve obtained by plotting these figures. The 
broken line in the figure is the hyperbole which is the nearest approach 
to the actual experimental curve. If it is true that ‘‘the curve 
expressing the increase in rate of development is a true hyperbole” 
(Peairs, 1914), one must seek for an explanation of the many devia- 
tions from the true curve which are seen in the experimental curve. 
It is of course probable that if the accumulated effective temperature 
for each period were worked out, the resulting curve would show a 
much closer approach to a true hyperbole. 
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-Itis not necessary to point out that there were several other variables 
among the conditions of these experiments. For example, humidity 
is no doubt an important factor, but the lack of complete and accu- 
rate records of the relative humidity prevents making any statistical 
analysis of its influence on the length of the preoviposition period. 
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of the house fly. (Original.) 
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ae 1.—Curve showing correlation between the average mean temperature and the length of the preoviposition period 
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It is interesting to note that. Bishopp, Dove, and Parman (1915), in 
experiments at Dallas, Tex., obtained a 4-day record at an average 
mean temperature of 87.5° F., while the 4-day records at Arlington, 
Va., averaged 79.5° F. This and other differences between their | 
results and those recorded in the present paper may in large part be 
due to the differences in the relative humidity of the two localities. 
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Bishopp, Dove, and Parman are doubtless correct in saying that in 
general ‘‘increased humidity seems to hasten egg laying.” 

The present results agree also with the Dallas observations in 
showing that the food supply of the adult flies has an important 
influence on. the length of the preoviposition period. Banana, water, 
and manure was found to be a favorable combination in these experi- 
ments. Lack of moisture always proved fatal to flies, and without 
food they die within two or three days. 

Yet temperature, humidity, and food supply are not the only 
factors which influence egg laying. If Table I be examined, such 
apparently contradictory results as an 8-day record at an average 
mean, temperature of 72° F. (see No. 20) and a 12-day record at an 
average mean temperature of 76° F. (see No. 39) will be found. 
Mr. Pomeroy has suggested, and the writer is strongly of the opinion, 
that the kind and quality of the larval food is partly responsible for such 
apparent discrepancies. It is a well-known fact that the amount and 
kind of larval food have a marked influence on the size of the resulting 
adult flies, and there is no reason to doubt that the physiological 
activities of the adult are likewise affected. It appears in Table I 
that most of the shorter preoviposition records were obtained with 
flies which had been bred from larve fed on moist bran or a bran- 
manuremixture. From mediawhichfermented less actively than these, 
or which were allowed to dry out, or were too small in quantity, the re- 
sulting flies were not only small but often failed to oviposit at all 
and usually lived a shorter time than large flies under the same con- 
ditions. Some larvz bred exclusively on rotten potato produced a 
small race of flies which did not oviposit, due perhaps to the pre- 
ponderance of starch in their diet. Griffith (1908) observes that 
small flies are incapable of reproduction. 

In the experiments with isolated pairs of flies only 7 out of 30, or 
about 24 per cent, gave any positive results as regards the deposition 
of eggs. In the other experiments where a number of flies (8 to 200) 
were used in each lot, 70 out of 110, or about 63 per cent, gave positive 
results. It is possible that this may be accounted for by what may 
be called a psychological factor. The habit of the adult females of 
associating in large numbers in one favored spot in depositing eggs has 
been previously pointed out (Bishopp, Dove, and Parman, 1915), and 
it is probable that the isolation of a pair of flies is an abnormal con- 
dition which has its inhibiting effect. 

As regards the number of depositions, the Arlington observations 
again agree with those made at Dallas in that it was impossible to 
obtain more than two lots of eggs from a single female, but this does 
not prove, of course, that under normal conditions the adult fly can 
not oviposit oftener. Griffith (1908) gives no details of experiments 
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or observations in support of his statement that the fly repeats the 
process of egg laying at intervals of 10 to 14 days till four batches 
have been laid. The largest number of eggs per deposition in these 
experiments was 96 and the smallest 25. 

Recent experiments have placed the knowledge of the preovi- 
position period on a more complete basis and have shown that the 
period is considerably shorter than was previously thought to be 
the case. Dr. C. G. Hewitt publishes the results of experiments per- 
formed by him in England in 1907, in which the period was found to 
be 14 days. Griffith (1908) states that the adult fly can begin to 
lay eggs 10 days after emergence. Bogdanow (1903) publishes the 
results of some breeding experiments with the house fly. In a table 
given in his article it appears that in one experiment the first flies 
emerged on August 12 and the first eggs laid by these flies were found 
on August 18—a preoviposition period of 6 days. 


COPULATION. 


Observations on the copulation of flies were necessarily not con- 
tinuous, but of chance observations there were a large number, and 
they show that copulation may occur as early as one day after emer- 
_gence. There are three records ot copulations taking place on the sec- 
ond day atter emergence, and 14 records of copulations on the third 
day after emergence. The greatest number of records fall on the third 
to sixth days, inclusive. Copulations were observed as late as the 
twenty-sixth day, and in an experiment during the winter, when a 
lot of flies was kept in a stable where the air temperature ranged 
from 30° to 60° F., one copulation was observed on the forty-seventh 
day after emergence. The air temperature at the time was 55° F. 
During the autumn a number of copulations were observed taking 
place when the air temperature was 55° F., but no sexual activity 
was ever seen at temperatures lower than 55°. 


LONGEVITY. 


As stated, the daily routine of observations on the various lots of 
flies included the removal of dead flies and the recording of their sex 
and length of life. The experiments during the summer and fall of 
1914 include records of some 3,000 flies. The longevity of these 
flies varied from 1 day to 54 days. The arithmetical mean of all 
these records was found to be 19+ days. This may perhaps be 
taken as the average for both sexes at all seasons. In midsummer 
the length of life is often much less and during the spring and autumn 
months is considerably more. In one hibernation experiment, in 
which flies were kept in a stable at temperatures varying from 30° 
to 60° F., afew lived as long as 70 days. This record was not included 
in calculating the mean longevity. 
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SUMMARY. 


From the experiments reported in this paper it is seen that the 
shortest record for the preoviposition period was one of about 24 
days and the longest, one of 23 days, with most of the records falling 
on the fourth, fifth, sixth, ninth, twelfth, and fourteenth days after 
emergence. : 

It is shown that the temperature has a very decided influence on 
the length of the period. 

Other faetors influencing this period are humidity, the kind and 
quality of the food of the adults, ‘and the kind and quality of the 
larval food with its resulting effect on the size and physiological con- 
dition of the adults. In the experiments with isolated pairs of flies 
very few results were obtained, which suggests that the association 
of a number of females in the process of egg laying is the normal 
habit and that isolation has an inhibiting effect. 

Copulations were observed as early as the first day after emergence 
and as late as the forty-seventh day. No copulations have been 
noted when the air temperature has been below 55° F. 

The maximum record for longevity was 70 days, and the minimum 
was one day or less. The average of the records of some 3,000 flies 
was slightly over 19 days. 
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INTRODUCTION. 


Elementary agriculture is taught in a large number of high schools 
in much the same manner that academic subjects are taught. It is 
evident that the aim in these classes is to arouse interest and to 
give information about farming. During the last two or three years, 
however, there has been a remarkable increase in the number of 
schools which are conducting more extensive courses in agriculture. 
Most of the schools which devote more than one year to this subject 
employ a teacher who has had special training in agricultural sub- 
jects. A recent investigation made by the States Relations Service 
revealed the fact that the predominating aim in these schools is 
vocational—i. e., that they are attempting to train their students 
for actual farm practice. In the attempt to make the teaching of 
agriculture practical teachers and school officers have met with dif- 
ficult problems. Many have felt that the only solution of the prob- 
lems of practical work is for the school to own land upon which the 
student might see a demonstration of principles and put into prac- 
tice what he learns. The school farm has not solved the problem 
satisfactorily for all and has presented new problems which are 


1Prepared under the supervision of C. H. Lane, Chief Specialist in Agricultural Education, States 
Relations Service. 
NotE.—This bulletin gives information regarding the home-project plan of teaching agriculture and is 
of interest primarily to teachers in secondary rural schools. 
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demanding attention... Many teachers and investigators have felt 
that a wider use should be made of the home farm in the teaching of 
agriculture. It is the aim of this bulletin to give suggestions toward 
making the home farm a more definite factor in agricultural instruc- 
tion through what is known as the home-project plan. In his study 
of this plan the writer has gleaned many suggestions from the work 
done in Massachusetts and New York. 


DEVELOPMENT OF THE HOME-PROJECT IDEA. 


The part-tume method vn industrial education.—in recent years con- 
siderable attention has been given to European methods of vocational 
education, with a result that new methods have been introduced into 
this country and more attention has been given methods already used 
here to a limited extent. One of these methods is the part-time 
cooperative plan of industrial education. Under this method there 
is cooperation between the school and the factory or industrial center, 
so that students may spend part of their time im school and part of 
their time in the factory or shop. The work of school and shop are 
supplementary to each other. As the part-time idea is an effort to 
bring the school and factory together, so the home-project plan is an 
- effort to bring the home and school together. The farm may be con- 
‘sidered as the industrial center of the country. The home-project 
plan may be considered as an effort to utilize this center in agri- 
cultural education. 

The project 1dea in science teaching.—Agriculture has followed 
science in its methods of teaching. As science has been taught in the 
high school mostly through the textbook and laboratory method, so 
the study of agriculture has been a study of books accompanied by 
laboratory exercises. In recent years progressive teachers of science 
have made an effort to break away from textbooks and formal 
laboratory work and adapt their teaching to the environment of their 
students. Students have been assigned special problems at home 
which would involve the principles studied at school. These prob- 
lems were called projects. When electricity was studied in a certain 
school one student was given the wiring of his father’s house as a 
project in which he could apply the principles learned. Another 
student made a study of the germination of seeds and other problems 
involved in his home garden in connection with a study of plant 
growth. It was apparent that if this method were successful in 
science teaching that it could be applied even more successfully in 
the teaching of agriculture. 


lor a general study of the problems arising in the use of land in connection with agricultural teaching, 
see the following reports of a special committee appointed to investigate the subject by the American 
Association for the Advancement of Agricultural Teaching: U.S. Bur. Ed. Bul. 522 (1913), pp. 24-39; 
601 (1914), pp. 49-76. See also The Use of Land in Teaching Agriculture in Secondary Schools, U. 8. Dept. 
Agr. Bul. 213 (1915). 
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The Massachusetts home-project plan.—Massachusetts was the first 
State to give State aid to vocational agriculture based upon the home- 
project plan. In 1911 the State legislature made State funds avail- 
able for the establishment of vocational agricultural schools and de- 
partments according to plans submitted by the Massachusetts Board 
of Education. Departments of vocational agriculture may be 
established in high schools and if approved by the State board of 
education the communities which maintain them are reimbursed to 
the extent of two-thirds of the salary of the agricultural instructor. 
This instructor must be a specially qualified person who devotes his 
entire attention to agriculture. 

Teachers are employed in these schools and departments for the 
entire year. The summer time is spent in supervising the home 
projects of students. Usually some time is allowed in the winter for 
a vacation and for professional improvement. The class work is 
centered around the home project, which is required of each agri- 
cultural student. Before the boy enters the work parents must 
agree to furnish the facilities for carrying out the particular instruc- 
tions of his teacher. In each district where vocational agricultural 
trainmg is established an advisory committee consisting of five 
members is appointed to cooperate with the agricultural instructor 
in adapting the agricultural trainmg to the particular needs of the 
locality. 

Other States giving State aid.—Since the home-project plan was 
introduced into Massachusetts, the States of New York, Pennsylvania, 
New Jersey, and Indiana have given State aid to vocational agricul- 
ture based upon this plan. In all of these States distinction is made 
between agriculture as ordinarily taught in the high school and voca- 
tional agriculture. The use of State funds in each of the States is 
dependent upon organization and supervision by State officials. 

Hatension of the project rdea.—The success of the home-project plan 
in States which are making it the basis of their instruction in voca- 
tional agriculture has led to a wide interest in the plan and to an ap- 
plication of the idea in schools of other States. In many sections 
agricultural students are doing practical work in clubs which have a 
relation more or less close to their school work. Many schools in 
their effort to make the teaching of agriculture practical have secured 
land to be used by the students. These school farms have not proved 
satisfactory in all cases. Other schools either have not deemed it 
wise or have not seen their way clear to purchase or lease land for 
school use. All of these schools should be interested in a plan to 
utilize the home farms of the students in connection with the teaching 
of agriculture. 


1 For an exposition of the Massachusetts plan, see U. S. Bur. Ed. Bul. 579 (1914). 
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Lack of unity vn definition.—In. many sections where teachers talk 
of projects there seems to be a lack of understanding of the plan and 
a lack of unity in definition of the term. According to some teachers 
any effort toward giving their work a practical turn is termed a 
project. Others have used the word in lieu of ‘‘practicum,” so that 
simple laboratory exercises are spoken of as projects. . In a general 
way a project is anything mapped out or planned to be done. The 
term has been used for years by this department in connection with 
its work and that of the experiment stations. The term, ‘‘home 
project,’”’ however, has come to have a special meaning in connection 
with the teaching of agriculture. It is essential that this meaning 
be agreed upon before plans for carrying out the idea are discussed. 


ESSENTIALS OF A SUCCESSFUL PROJECT. 


Definition.—The following definition of a home project is sug- 
gested: The term “‘home project” applied to instruction in elemen- 
tary and secondary agriculture includes each of the followmg requi- 
sites: (1) There must be a plan for work at home covering a season 
or a more or less extended period of time; (2) it must be a part of 
the instruction in agriculture of the school; (3) there must be a 
‘problem more or less new to the pupil; (4) the parents and pupil 
should agree with the teacher upon the plan; (5) some competent 
person must supervise the home work; (6) detailed records of time, 
method, cost, and income must be honestly kept; and (7) a written 
report based on the record must be submitted to the teacher. This 
report may be in the form of a composition or a booklet. 

A project to cover an extended period at home.—A distinction should 
be drawn between a project and a simple exercise used as a prac- 
ticum to ilustrate some principle, or for the purpose of increasing 
skill in some operation of farm or shop. A project, to be worthy 
of the name, should involve skill in many operations and the appli- 
cation of a number of principles. To accomplish this it should cover 
a branch of farming that will extend over a comparatively long 
period of time. The testing of seed corn may be cited as an example 
of a simple laboratory exercise performed at school. The stringing 
of seed corn would be a suitable home practicum, the aim of which 
would be to acquire skill in a useful operation. The growing of an 
acre of corn would involve both of these operations and many others, 
hence it would be a worthy project. 

It is obvious that if the term ‘‘home project” is applied in a strict 
sense the work should be carried on at home. In case a suitable 
project may not be arranged for a student at. home, there shouldbe 
no objection to the student working away from home. If this work 
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can be properly correlated with his course of study and meet other 
requirements of a project there should be no objections to accepting 
it as a substitute for a home project. 

The project to be a part of the instruction in agriculture.—The project 
should have a definite relation to the course of study. If the student 
is taking a course in farm crops his project should be along the line 
of crop production; if he is studying animal husbandry, his project 
should be connected with the care of animals; projects in fruit 
growing or vegetable gardening may accompany courses in horti- 
culture; and if a special course in farm management is given, special 
problems of management should be assigned as projects. 

Boys and girls not taking the course in agriculture may be induced 
to take up some special phase of practical agriculture at home, but 
such work does not come within the definition of a project. A 
student while taking a course in animal husbandry may start to 
keep records of the home herd in connection with a dairy project, 
his interest may cause him to continue the work the following year 
while he is taking a course in fruit growing, but some work pertaining 
to the production of fruit should then constitute his main project. 

The project to present a new problem.—It should be borne in mind 
that the primary aim of the home project is educational. A project 
should be considered in the light of what the student may learn from 
it in principle and practice. A student may grow an acre of corn year 
after year and continue to learn something new, but if the work of 
the first year has been properly planned and supervised it will have 
far greater educational value than in the succeeding years. After 
erowing corn one year the student may better take up some other 
crop or, better still, an entirely different phase of farming. 

Pupil, parents, and teacher unite upon plan.—The home project when 
properly administered is an excellent means of bringing the home 
and school together in their educational problems. The teacher 
should know the home conditions surrounding the student and should 
not attempt to plan a project without first gettmg the consent of the 
parents. Not only should their consent be obtained, but every 
attempt should be made to secure their hearty cooperation. Whether 
a written agreement is made or not will depend upon the relation of 
the project to the plan upon which the agricultural course is con- 
ducted. In productive projects and in other projects as far as possi- 
ble, the student should be given entire responsibility regarding the 
work and should have a financial interest in its outcome. If the 
student is using his father’s land or live stock, he should pay rent or 
interest on a fair valuation. He should work with an understanding 
that he will participate in the profits, if they are not all to be his, and 
at the same time feel that he will be responsible for any losses. 
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Competent supervision essential_—Supervision is necessary in order 
that those in charge may be sure the work is carried out as outlined. 
It is even more essential that some one take an active interest in 
aiding with problems which may arise, and in giving encouragement, 
Where it can be arranged it will prove most satisfactory as a rule to 
have the teacher who is conducting the class work supervise the 
projects connected with the courses given. The summer season is the 
most important time for most projects, hence in States where the 
teaching of agriculture is based upon the home project, teachers are 
employed for the entire year. If any vacation is allowed them it is 
taken in the winter. Effective supervision means frequent visits to 
the homes of the students. In districts where the students are scat-: 
tered over a wide area, some special means of transportation will be 
essential to efficient service. 

Detailed records to be kept.—A valuable part of the traiming secured 
in connection with carrying out a project will be obtained in the 
keeping of accurate records and accounts. It will be helpful, if not 
absolutely necessary, to give a few lessons in elementary cost ac- 
counting before the work is begun. The record should cover points 
learned in connection with study relating to the project as well as 
experience gained in practice. In keeping accounts such items as 
rent of land and interest on investment should not be overlooked. 
Accurate account should be kept of the time expended and charges 
and credits made upon a fair basis. Accuracy and fairness are 
especially important in the keeping of accounts where there is any 
contest feature in conducting the projects. ° 

The following record blank for a potato project may be adapted 
to other crops. It is suggestive of forms which may be used for 
other kinds of projects. 


Record blank for potato project. 


SOIL PREPARATION. 


Character ofsorl ae ees eee Crop for Si years*pastser-ee- eee ne eee 
Wate of plommeyst17- fees were Dates ofiharrowine. 46) ase. 2eense22 
Implement used .2: esse scene bee 222 Implements usedc. as? tees sabre ai 
Depth plowedvg.- oC we Eee Cosi/of Imarroywiines 9. oe ene ee 
Cost.ol plowitge:. se 2) eee es ore Condition of land when planted.......--- 


CROP PLANTING AND CULTIVATION. 


Variety of potatoes planted_.........-- Kind ‘of fertilizer. 2) ee eae ae te 
ern tor seed: ii bat: fel ee Amount of fertilizer per acre............. 
Cost of seed and planting..........--- Costiol fertilizer.) i seer Bio wee 
Mepih as planting. -.... .<!j52.. nn see sae Dates of cultivation. <-28 2 eee eee 
apraucerol planting... .....-,. 265. 2 Implements used... 222-224 eeee ee, 


Percentage ofstand..........----..-.-- Cost oF Gultivationte =e eee ee eee 
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HARVEST AND YIELD. 


arated Of CiprINe 224i sn Sle ae --- Yield in marketable potatoes............. 
Method of digging..........-.-...... Blow disposed of 2228s esos le dee 
Days from planting to digging......... Cost of harvest and marketing............ 
Old g. Ja cecens <6) ee aed Be. 
mime a eae Lees sbees!.. VE es NS OL. . UR ut 
Approved 

pk <a Sa Teacher 
esis = ayes erecent |: Wteral beepers 33. O01 FES 9. | A ip ios eee 
O51 GIN (6 ESS) Sapa a a SSC i A ee es ; ieee 
PE Were hitse Lf for sch ties oo. 


Estimate the rental of your land and your time at a fair valuation. Count all com- 
mercial fertilizers at actual cost and barnyard manure at what it would bring in the 
district. 

EXPENSES. 

ESPmiNe TTI m Se Saee ers. 3. MRSA EL!) RAMON STL Ligue Pees: 
Preparation of seed bed: 

LOGS LOU ee Ree Oe ee | Senge ea ee SR 

Student’s labor..........-.- ice)! Sess Be eats, 2 ee 
OE 0S UE CR PEN ERS eee Pei oer a an Se eR 
Cost of planting: 

[CUE pL2 1 Suche: J Si UES DAI 0 08 SP 2, A ore eS ee 

SHIVOGTI FI 2 100s ae OS OR ERE Soke oS «oi Ss ee a es ae 
eC REMMALA CT topes a et SR oe Sates, J wo ee ag 2 eee 
Cost of cultivation: 

ia NSS |e Sy 2 es SS =< Rea 2 es Se A tea 

Baer SiabOre es 2.2202 2S... 2. PE AE Eig ee Aces oe ae ee 
Cost of digging: 

2OPSE, Uv creo fA ee ede Ean eget SS ee 

Siig Cites Onset eect sy.\. . - eth he ny Sake TS) spk 
Rion Oneaekine (Storm, jang Marketing... Sewers. fcc eee blo eee ne cp eee 


RotaleCashaereere eae Cee... =, > - nee ose oe eee eS Sa. 
RECEIPTS. 
Total value of marketable potatoes, .... bushels, at ....  ..--------- ee 


ean orcwll pottoes, ---. bushels, at... geeeseecec eta ce 3.) 1-- e 
Value of potatoes kept for seed, .... bushels, at ...- 


Gin mteCehnitept eran en. t o>. een eee. , Ee 
PV ESTOMEE ett a ea eee Sle 2 erent St hehe od. CUR oS. 


A written report to the teacher.—The records kept are to be made the 
basis of a written report to the teacher upon the completion of the 
project. This report may be in the form of a composition, or it may 
be somewhat of the nature of a thesis. There is an excellent oppor- 
tunity in this work to correlate the work in agriculture with the 
work in English. Teachers and supervising officers will find among 
these reports some which may be used to advantage in arousing 
interest in the work. Photographic records will be found very useful 
for the same purpose. 
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Classification of projects—If a class in agriculture should undertake 
to build a henhouse upon the school grounds or to prune or spray a 
neighboring orchard, such work may be called a class project or a 
group project. In this discussion individual home projects as pre- 
viously defined are considered. Home projects may be grouped ac- 
cording to their chief aim as follows: 

Production projects—Those projects in which the chief aim is to 
produce any agricultural product at a profit. 

Demonstration projects—Those projects in which the chief aim is 
to demonstrate materials and methods in agricultural practice. (lf 
there is any uncertainty as to results which should be expected it 
may be better to call such demonstrations experimental projects.) 

Improvement projects.—Those projects in which the chief aim is to 
make improvement with hope of little immediate returns. 

Management projects.—Those projects in which the chief aim is to 
apply efficiently the general principles of farm management. 

The project study outlne.—Although teachers may make outlines 
to be used by the students as guides in their study and work, it may 
be better to have students make their own outlines. These outlines 
“may be arranged with one of the following purposes in mind: (a) As 
‘a guide to a study of the subject, (6) as a basis: for a practical plan 
for carrying out the project, and (c) as a combination of both study 
guide and working plan. The latter idea has been used in the out- 
lines which follow. These outlines cover a range of projects and are 
offered as suggestions of one method of treatment. The teacher may 
aid the student by indicating in the outline references which students 
may use in finding answers to the questions asked. 


POTATO PROJECT STUDY OUTLINE. 
GROWING AN ACRE OF POTATOES—A PRODUCTION PROJECT. 


T. Shall I grow potatoes for my project? 
1. Is this section adapted to potatoes? 
2. Is my soil suitable for growing potatoes? 
3. Can I control all pests and diseases which prevail in this district? 
4. Is there a good prospect for potatoes paying a profit this year? 
II. What shall be my aim in potato production? 
1. Shall I grow late potatoes for winter use? 
. Shall I grow early potatoes for the market? 
. Shall I grow potatoes for seed? 
Shall I make a combination of the aims above? 
. To which is my soil best adapted? 
. Which offers the greatest prospect for returns? 
. Which will fit in best with my work at home and at school? 


“I OTH & LO 


a 
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III. How shall I prepare my land? 


1, 
2. 
3. 
4. 


5. 


6. 


Has the previous crop and treatment of the land left it in suitable 
condition? 

What crop should I use to prepare the soil for a future potato crop? 

When and how should barnyard manure be used for a crop of potatoes? 

Can I afford to use commercial fertilizers on my potato land; if so, 
how much of what kind? 

When shall I plow and how deep? 

What other preparation is necessary? | 


IV. What seed shall I plant? 


Ee 


2. 


3. 
4, 


What varieties are grown in this district? 

Are there better varieties which would suit local conditions and my 
particular needs? 

Shall I buy home-grown seed? 

Shall I pay extra for selected seed? 


V. How shall I plant my seed potatoes? 


a 


1. When shall I plant? 

2. 

3. How shall I cut the seed potatoes? 
4, 


Shall I let my seed sprout before planting? 


Is there any danger from scab; if so, how shall I treat my seed po- 
tatoes to prevent infection? 
What is the proper depth and distance for planting? 


VI. How shall I cultivate my potatoes? 


amprwnwe 


. What are the purposes of cultivation which I should bear in mind? 

. What cultivation may they need before they are out of the ground? 
. Shall I practice level culture or the hill method? 

. What type of cultivator will serve my purpose best in row cultivation? 
. When and for what purpose shall I use a hoe? 

. What particular weeds must I guard against? 


VII. How can I control insect pests and potato diseases? 


1. 


2. 


ao oP w 


What are the prevalent insect pests and diseases of potatoes in this 
district? 

What spray mixture will kill a biting insect like the Colorado potato 
beetle? 


. Howshall I make Bordeaux mixture if fungus diseases are threatening? 
. Can I use a combination that will destroy insects and prevent disease? 
. What kind of spraying outfit will best serve my needs? 

. Will it pay me to buy a spray outfit or hire my spraying done? 


VIII. How shall I select my seed potatoes for next year? 


Ne 
2. 


Shall I mark some of the promising plants and make a hill selection? 
Shall I depend upon selection from the bin or upon the purchase of 
selected potatoes? 


IX. How shall I handle my potato crop? 


— 


3. 
4. 
5. 


. When shall I harvest my potatoes? 
2. 


Shall I dig my potatoes by hand, use a plow, or hire some one to dig 
them by machinery? 

Shall I store my potatoes or market them direct from the field? 

How shall I grade them? ° 

What shall I do with my culls? 


17149°—Bull. 346—16——2 
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II. 


III. 


IV. 


Vale 


VII. 


WATT. 
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PIG PROJECT STUDY OUTLINE. 


RAISING PIGS ON OWN ACCOUNT—A PRODUCTION PROJECT. 


. Shall I raise pigs for my project? 


1. Do I like pigs? 
2. Is this section suited to the profitable production of pork? 
3. Do pigs fit in well with the farm management plan? 
4. Is cholera or any other disease likely to prevent profits? 
What shall be my aim in raising pigs? 
1. Shall I feed one or more pigs during the summer to market in the fall 
or winter? 
2. Shall I aim toward building up a pure-bred herd for breeding pur- 
poses? 
3. Shall I make a combination of the aims above? 
How shall I get a start? 
Shall I buy one or more young pigs? 
Shall I buy a sow which has been bred? 
Shall I buy pure-bred pigs or grades? 
What breed shall I buy? 
5. Do I know the points of a good pig? 
Can I give breeding animals proper management? 
1. Do I know how to manage the boar and sow at breeding time? 
2. Can I give a brood sow the proper care? 
3. Can I manage sow and pigs properly at farrowing time? 


oo DD 


. How shall I care for young pigs? 


. What attention do they need before weaning? 
What care and feed shall I give them after weaning? 
. What is the best method of weaning? 
. Shall I allow my pigs to run in a pasture, or shall I feed them in a pen? 
. What crops shall I grow for my growing pigs? 
. What special care will my pigs need in summer? 
How shall I fatten my pigs for market? 
1. What records shall I keep that I may know how much the pork I am 
producing will cost? 
2. At what age will fattening for the market be most profitable? 
3. What is the most satisfactory ration I may feed for fattening? 
4. What is the most satisfactory method of feeding for maintenance 
during the winter? 
5. What special care will my pigs need in winter? 
What kind of hog house shall I build? 
1. What factors shall I keep in mind in building a hog house? 
2. Can I afford an elaborate house? 
3. Can I make a plan for such a house as I need and build it? 
How can I prevent disease? 
1. Do I appreciate the importance of cleanliness and sanitation? 
2. Shall I give the pigs a chance to keep clean? 
3. Do I know how to prevent such common ailments as scours, worms, 
and lice? 
4. DoI know the nature of hog cholera, how to handle a case of infection 
and how to prevent such infection? / 
5. Can I perform such simple operations as castration and extraction of 
teeth? 
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ALFALFA PROJECT STUDY OUTLINE. 
INOCULATION AND USE OF LIME—A DEMONSTRATION PROJECT. 


I. Shall I undertake to demonstrate the production of alfalfa in this section? 
1. Has alfalfa been grown successfully in this section? 
2. Are there any limiting factors which can not be supplied at a profit? 
3. Isit evident that lime is one of the factors which limit the growing of 
alfalfa in this section? 
4, Can lime be secured at a price that will allow a profit? 
5. Isit evident that inoculation must be practiced for successful growth 
of the crop? 
6. Willit be worth while to demonstrate the value of lime and inoculation 
in, alfalfa culture? 
II. Are my home farm conditions favorable to the growing of alfalfa? 
1. Is the soil of suitable texture and fertility? 
2. Is the soil of sufficient depth? 
3. Is the soil sufficiently well drained? 
4. Has previous cropping left it free of weeds which may have proven 
troublesome? 
5. Are there insect pests or diseases which may be beyond control? 
III. How shall I prepare my land for a stand of alfalfa? 
1. In what condition has the land been left by previous crops? 
2. Does the soil need fertilizing? 
3. When and how should barnyard manure be used for an alfalfa field? 
4. Can I afford to use commercial fertilizers on my alfalfa land; if so, 
how much, of what kind? 
5. What proof have I that my soil needs lime? 
6. What form of lime shall I use? ! 
7. How much lime shall I use to the acre? ! 
8. How shall I apply the commercial fertilizer and lime? 
9. When shall I plow? How deep? 
10. What other treatment will be necessary to make a fine seed bed? 
IV. What seed shall I plant? 
1. What variety of alfalfa will be best for this section? 
2. Where can I secure seed that will be best suited to this section? 
3. Have I planned to secure my seed sufficiently early? 
4, What precautions shall I take to be assured that the seed is free from 
noxious weeds? 
. What would be a reasonable price for good seed? 
. How shall I determine if the seed is of strong vitality? 
V. How shall I seed my plat? 
In what season shall I sow the seed? 
. What evidence do I have that the soil needs inoculation? 
. What method of inoculation shall I use? 
. Where shall I obtain the culture or soil? 
. What specific directions shall I follow in inoculation? 
. What method of seeding shall I use? 
. Shall I use a nurse crop? 
. At what rate shall the seeding be done? 
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1 The form of lime and the rate of application may be factors which are to be tested or demonstrated. 
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VI. What care will be essential the first season? 


i 
. What treatment will aid in the control of weeds? 

. At what height shall the young plants be cut? 

. Shall the clippings be removed? 

. Will there be any advantage in disking or in any other form of cul- 


Ovum Ww bo 


Shall I attempt to secure a crop of hay the first season? 


tivation? 


. li the stand is uneven or thin will it pay to reseed? ° 
. In what condition should the stand of alfalia be left for the winter? 


. Willit pay me to use a top-dressing of manure in the fall? 


VII. How can I control the insect pests and diseases of alfalfa? 


Ie 


2. 


What insect pests and diseases of alfalfa are likely to prevail in this 
district? 

What methods of prevention and control are most successful in 
practice? 


ORCHARD PROJECT STUDY OUTLINE. 


RENOVATION OF OLD ORCHARD-——A DEMONSTRATION PROJECT. 


I. Shall I undertake to renovate an orchard as my project? 


ib, 


2. 


3. 


4, 


Am I willing to undertake a project with little ee of immediate 
financial reward? 

Will it not be worth while to gain practical experience in orchard 
management? 

Will it not be worth while to demonstrate to the community the value 
of modern methods? 

May I not make arrangements whereby I may share in the future 
profits which may result from my work? 


II. Is the orchard worth renovating? 


1b 
2. 
3. 
4. 


Are the trees too old? 

Does vigorous growth indicate a good root system? 
Is there a good stand of trees? 

Are the trees of a variety known to be profitable? 


5. Can I control all pests which may prevail? 
III. How shall I prune the orchard? 


= 


Do I understand the principles underlying the pruning of fruit 
trees? 


. What tools will be required for my pruning work? 


Can I use the pruning shears with dexterity? 
Can I remove large limbs properly by using the saw? 
What time of the year shall I do my pruning? 


. Will it be necessary to start new heads on the trees by ‘‘dehorning”’? 
. Will it be necessary to remove a great many water sprouts, suckers, 


diseased and dead branches? 


. What treatment shall I give wounds left in removing large branches? 
. How shall I treat the rough trunks that they may not harbor pests? 
. What part shall pruning play later in keeping my trees in shape and as 


an aid toward producing fine fruit? 


IV. How can I change the trees to a more desirable variety? 


. Do I understand the principles underlying budding and grafting? 


Are my trees in such shape that top-working will be profitable? 


. What method of top-working shall I use? 

. Can I make a successful cleft graft? 

. Can I do ordinary budding with dexterity? 

. At what time of the year shall I graft or bud my trees? 


What variety shall I use? 
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V. What fertilizing shall I give the orchard? 
1. Do I understand the function of the fertilizing elements and their 
relation to tree growth? 
2. 1f severe pruning has stimulated a vigorous growth, will the trees 
need nitrogen? 
3. Will the application of fertilizers containing phosphoric acid and 
potash be beneficial? 
4. What is the cheapest and best form in which I can apply the elements 
needed? 
5. What are the objections to using barnyard and green manures the 
first year after the trees have been cut back severely? 
6. When and how shall I apply fertilizers? 
VI. How shall I cultivate the orchard? 
1. What are the purposes of cultivation? 
2. What are the advantages of cultivation over leaving the orchard in 
sod? 
3. May it be advisable at any time to leave an orchard in sod? 
. What implements will be required for the cultivation of the orchard? 
5. Am I able to do the plowing, harrowing, and cultivating which may 
be necessary? 
6. When should cultivation cease? 
VII. Shall I use a cover crop? 
1. What is the distinction between a cover crop and the practice of 
intercropping? 
. What important purposes do cover crops serve? 
. What crops are suitable for the purpose? 
4, What crop shall I use and how shall I manage it to secure maximum 
returns? 
VIII. How can I control orchard pests? 
1. What equipment will I need for spraying? 
2. Can I make Bordeaux mixture and lime sulphur sprays and apply 
them in such a way as to control fungus diseases? 
3. Can I use lead arsenate and Paris green effectively in the control of 
biting insects? 
4. Can I control insects with sucking mouth parts, such as aphids and 
San José scale? 
5. Do I know the life histories and habits of the insects I must control? 
6. What may I do to supplement spraying in the coatrol of orchard 
pests? 
7. What may I do to get my neighbors to cooperate with me in the con- 
trol of orchard pests? 
8. Will it pay me to buy a spraying outfit, or will it be more profitable 
to hire the spraying done? 
IX. Shall I thin my fruit? 
1. What are the advantages claimed for the practice? 
2. What objections are there against it? 
3. Do I understand the details of thinning tliat I may practice it effi- 
ciently? 
X. How shall I harvest my crop? 
1. What equipment will I need for picking? 
2. When is the fruit ready to pick? 
3. Do I understand the details of picking that I may practice it effi- 
ciently? 
4. If I need help in picking, can I manage the pickers to secure the 
best results? 
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XI. How shall I market my crop? 


II. 


IIT. 


Ty. 


VI. 


. Shall I store my fruit or sell it directly from the orchard? 
. What preparations must I make for gradiag and packing? - 
. What kiad of package shall I use? 
. What system of grading and packing shall I follow? 
. Do I understand the details of grading and ee that I may do it 
myself or supervise it efficiently? 
6. What plans must I make for marketing that I may get maximum 
returns? 
7. What am I going to do with the fruit that does not grade up to stand- 
ard? 
POULTRY PROJECT STUDY OUTLINE. 


oR OO NH 


DEVELOPING A FARM FLOCK—AN IMPROVEMENT PROJECT. 


. Shall I undertake the improvement of a flock of fowls as my project? 


1. Is the flock of fowls at home in need of improvement? 
2. Can I make arrangement to take hold of the flock on my own account? 
3. Have I sufficient interest in fowls to enjoy the work? 
What shall be my aim in the improvement of the home flock? 
1. Shall I make a specialty of eggs for the market? 
2. Shall I work toward special production of market poultry? 
3. Shall I look forward to producing fowls for breeding and eggs for 
hatching? 
4. Shall I increase the value of the flock for general purposes? 
What breed shall I select? 
1. What proof do I have that pure-bred fowls are superior to mongrels? 
2. What breed is best adapted to my aim? 
3. Shall I attempt to handle more than one breed and variety? 
4. What variety shall I select? 
How shall I get my start toward a well-bred flock? 
1. Shall I secure eggs for hatching? 
2. Shall I secure baby chicks? 
3. Shall I secure a pen of matured breeding fowls? 
4. Shall I replace the mongrel males with birds of good breeding? 


. How shall I select and mate my fowls for best results? 


. Why is selection important in breeding? 
What points shall I consider in selecting fowls for my breeding pen? 
Do I know the characteristics of the breed and variety I am breeding? 
Why is vigor and strong constitution important in all breeds? 
. Why should the male bird be given special attention? 
. What do I know about trap nesting and its value in the improvement 
of fowls? 
7. Of what age should the fowls of my breeding pen be? 
How may I secure a good hatch of chicks? 
1. Are my breeding fowls in condition to produce eggs with strong, 
fertile germs? 
2. Why should I give special care to eggs intended for hatching? 
3. What may I accomplish by proper selection of eggs intended for 
hatching? 
4, Shall I use an incubator or hatch with hens? 
5. Do I know from experience that I can manage an incubator success- 
fully? 
6. Can I afford to risk my best eggs while I am learning to operate an | 
incubator? 
7. How shall I manage sitting hens to secure the best results? 
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VII. How may I raise the chicks successfully? 
. Shall I use a brooder or depend upon hens? 
. Shall I buy a brooder or attempt to make one myself? 
. What needs of little chicks require special attention? 
. What system of brooding meets these requirements and fits my needs 
best? 
. Do I understand the details of brooder management? 
. Do I understand the details of management of hen and chicks? 
. Have I provided for the prevention of disease and pests? 
. What shall be my method of feeding and managing the chicks aiter 
weaning? 
. Do I have a good ration for growing chicks? 
VIII. How may I increase the production of first-class eggs for the market? 
. Are the hens of the laying flock of suitable age? 
. Are male birds allowed in the flock which is producing eggs for market? 
. Are the hens fed a ration suitable to egg production? 
. Do they obtain clean, fresh water, grit, oyster shell, and charcoal? 
. Are they housed comfortably? 
. Do they obtain sufficient exercise? 
. Are they kept free from pests and disease? 
. Are the eggs gathered often and kept clean? 
. Shall I grade my eggs and work toward supplying a special market? 
IX. How may I market my surplus fowls at a profit? 
1. Shall I market my surplus males as broilers or roasters? 
2. At what age shall I sell my hens? 
3. What is the best system for me to use in fattening my fowls? 
4. What rations will be profitable for me to feed? 
5: What method of killing and dressing shall I use? 
X. How shall I improve my poultry house? 
Do I understand the essential features of a good poultry house? 
. Does my present house embody these features? 
. Will it pay me to remodel the old house or build a new one? 
. Can I plan a house suitable for my purpose which will embody all 
essential features? 
. Can I afford to build such a house? 
. Can I build the house myself or will I have to hire it built? 
. Where shall it be located? 
. Have I provided for suitable yards and runs? 
. Will proper drainage, protection from wind, and shade be provided? 
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FARM HOME PROJECT STUDY OUTLINE. 
ORNAMENTATION OF HOME GROUNDS—AN IMPROVEMENT PROJECT. 


I. Shall I undertake the improvement of our home grounds as a project? 
1. What improvement can I make? 
2. Does the improvement involve a knowledge of landscape art? 
3. Have I a knowledge of art and horticulture as a foundation for such 
an undertaking? 
4. Do I have a liking for such work? 
II. What existing factors must I consider in the plan of my work? 
1. To what extent may I modify present conditions? 
2. How much time and money will I have to spend? 
3. How large is the area to be included? 
4. What features of this climate must I consider? 
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II. What existing factors must I consider in the plan of my work?—Continued. 
. What bearing will the kind of soil have upon my plans? 
. What about the water supply and drainage? 
. Why will it be necessary to consider the exposure? 
. What are the peculiarities of the site which I must take into consid- 
eration? 
9. To what extent must I consider the architecture of the house ond 
other buildings? 
10. To what extent will I be free to use my own judgment in making 
my plans and in carrying them out? 
T1I. What preliminary work should be done? 
1. What cleaning up about the yard is to be done? 
2. Are there any unnecessary and unsightly outbuildings to be removed? 
3. What can be done by a careful use of paint? 
IV: What shall be the essential features of my plan? 
. Shall I work for temporary or permanent effects? 
Shall I use a natural or a formal style? 
What walks and drives are necessary? 
What area shall be planted to lawn? 
Where are trees to be planted? 
What use is to be made of vines? 
Will a wind break be necessary? 
. What part are hedges to play in the plan? 
9. Where shall my flower beds be located? 
10. When my plan is worked out will it present a pleasing picture? 
11. Will it provide for convenience and comfort? 
12. Will its execution be within my means? 
13. How shall a map of my plans be drawn? 
V. How shall I prepare for planting? 
1. What provision shall I make for irrigation and drainage? 
2. What grading will be necessary? 
3. What must be done to put the soil into proper condition? 
4. What is the best season for doing this preliminary work? 
VI. How about the planting of trees? 
1. Can I plant trees properly with reasonable assurance that they will 
grow? 
. What deciduous trees shall I plant? 
. What evergreen trees shall I plant? 
. Are there native trees which will serve my purpose? 
. Where shall I secure my nursery stock? 
. How large shall the trees be for planting? 
VII. How eae the planting of shrubbery? 
1. What hardy ornamentals will I need to carry out my plans? 
2. What shall I plant for hedges? 
3. Can I propagate any shrubbery for myself? 
4. Have I assurance that the shrubs I have selected will prove hardy 
and that they will grow under my conditions? 
VIII. What vines shall T plant? 
1. What vines shall I plant around the house? 
2. What vines will be best for screens and fences? 
3. What annual vines shall I use for temporary effects? 
IX. How shall I establish a lawn? 
1. When shall I plant my lawn? 
2. How shall I prepare the soil? 
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IX. How shall I establish a lawn?—Continued. 
3. What fertilizer shall I use? 
4. What seed shall I plant? 
5. Do I understand how to take care of a lawn properly? 

X. What about flowers? 
1. What flowers shall I use for bedding purposes? 
2. What hardy annuals are suited to my purpose? 
3. What perennials shall I use in the borders? 
4. What use shall I make of bulbs? 
5. Does my selection of flowering plants provide for a succession of 
abundant bloom throughout the season? 

6. Do I understand the requirements of the plants I have selected? 
7. What methods of propagation are involved? 
8. Will I need a hotbed or frames for the production of plants? 
9. Can I make and manage a hotbed? 

XI. Can I control prevalent pests? 
1. Have I considered insect pests and disease in the selection of plants? 
2. Can I control the common insects which may prove harmful? 
3. Can I control common plant diseases which may prove troublesome? 


Suggested projects.—It should be borne in mind that the project 


should be adapted to the student, the course he is taking, and the 
community in which he lives. The following list will undoubtedly 
suggest other projects which will be profitable: 
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PRODUCTION PROJECTS. 


. Field crop production: Growing one-half acre or more of a field crop suited to 
the district. 

. Vegetable production: Growing one-fourth acre or more of a truck crop suitable 
to the district. 

. Flower production: Growing one-tenth acre or more of flowers for the market. 

. Home garden: Taking charge of home vegetable or flower garden. 

. Fruit production: Taking charge of bearing trees, a berry patch, or vineyard, and 
marketing the product. 

. Orchard development: Starting an orchard. 

. Developing a field of alfalfa or other perennial forage crop. 

. Developing a meadow or pasture. 

. Animal production: Poultry, pork, beef, mutton, wool, veal, and dairy products. 

. Development of breeding animals. 


DEMONSTRATION PROJECTS. 


. Trying out crops new to district. 

. Variety tests. 

. Rotation of crops. 

. Fertilizer tests. 

. Care and use of banyard manure. 

Use of cover crops and green manures. 
. Value of seed selection. 

. Methods of seeding. 

. Methods of cultivation. 

. Methods of orchard management. 
Methods of feeding. 

. Use of preventive serums, dipping and other methods of preventing animal 
diseases. 
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13. Control of insects and other animal pests. 
14. Control of weeds. 
15. Control of plant diseases. 


IMPROVEMENT PROJECTS. 


1. Improving the home grounds in whole or in part, such as planting trees or develop- 
ing a lawn. 
. Improving the school grounds. 
. Improvement of flock of poultry or herd of larger animals. 
. Plant improvement. Developing new strains by methods of plant breeding. 
. Community surveys and other organized work leading to rural betterment. 
. Construction or remodeling of farm buildings. 
. Concrete construction, building of fences, and making improvements involving 
principles of farm mechanics. 
8. Construction of farm home necessities and conveniences. 
9. Drainage of farm land. 
10. Road construction, terracing, and leveling. 
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MANAGEMENT PROJECTS. 


Taking general management of a farm. 
. Keeping farm records. 

. Making farm surveys. 

. Replanning problems. 

Managing an orchard. 

. Managing a dairy. 

. Managing a farm woodlot. 

. Managing a poultry plant. 

. Managing a breeding herd or flock. 

. Managing work animals. 


SOME PROJECT PROBLEMS. 


The home-project plan has not been used sufficiently long to have 
established a very definite order of procedure. Many phases of its 
application are still in process of development, some of them being 
yet in the experimental stage. The following problems are suggestive 
of some questions which are being given attention at this time by 
those most interested. The extent to which the plan is adopted will 
depend in great measure upon how well some of these problems may 
be solved. 

Supervision of projects.—The success of the home project will de- 
pend to a great extent upon proper supervision. There are so many 
factors which will determine the time taken for supervision that no 
rule can be laid down as to the number of students one teacher should 

supervise. The number is limited, however, when compared with 
‘the number taken care of with the usual academic, classroom instruc- 
tion. Project work when conducted properly is expensive. As 
summer supervision is most important, schools which can not afford 
to hire an instructor for the full year may well hesitate about adopting 
the plan. Adequate means of transportation should be provided for 
efficient supervision, which means another item of expense. 

The teacher should not scatter his attention over too wide a range 
of projects. He may well center his efforts upon the leading industry 
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of the district or upon a phase of farming most needed. To aid the 
teacher in centering his efforts upon one or two kinds of projects, 
some schools have adopted the alternate plan of subjects and projects. 
If four years of agriculture are outlined, the first and third years’ 
work is given one year and the second and fourth years’ courses and 
projects are worked out the next. 

Fitting projects to the course of study.—It has been found most satis- 
factory to make the project sufficiently extensive to correlate with 
one year’s work. In States where the home project is the basis for 
the teaching of agriculture, there is a question as to whether the class 
work and study of agriculture shall grow out of the project or whether 
the project shall develop from the agricultural study. If it is decided 
to require a project of each agricultural student the question will 
arise, To what extent shall the regular class work be devoted to 
projects, and to what extent shall the student pursue an individual 
project study? 

Giving credit for projects.—It is customary to require two hours of 
practical work in field or laboratory for one hour’s credit. Shall 
credit for home-project work be given upon the same basis and 
allowance for this work be made in making up the schedules? The 
question may arise as to whether one type of work is not worth more 
credit than another. To what extent shall quality of work and 
results obtained be considered in giving credit? If extra time is 
put in on projects shall extra credit be given? Shall the student’s 
record of time be used in awarding credit, or labor-requirement tables 
be worked for different farm operations? The problem of giving 
school credit for home work is being given attention so it may soon 
be possible to answer these questions and others which may arise in 
a more satisfactory way than at present. 

Contests, prizes, and awards.—In the elementary school most of the 
home work in agriculture has been in connection with club work in 
which the contest idea is a strong feature. Some teachers in the high 
school have linked their home-project work with the organized club 
work. The question arises as to just how far the high school teacher 
should use the contest idea, and to what extent prizes and awards 


_ other than regular school credit shall be given as incentives in regular 


projects. 

To what extent shall projects yield a profit?—Boys in the high school 
have reached an age where they are beginning to consider values in 
terms of dollars and cents. One of the chief educational values of the 
home-project plan lies in the fact that through it the boy may be 
taught the value of a dollar. If this fact is considered, the question 
may well be asked, Is not the production project the nost profitable 
from an educational point of view? While making a profit may be 
the chief aim of a production project it may enter into other projects 
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as well. Ifa student carries on a successful project of any other type 
he should have hope of some reward in addition to the school credit 
he may gain. It may be better to assign at the beginning of the work 
a project where there is hope of immediate profit. As the student 
grows older he will appreciate better the fact that ease of the profits 
in farming are not gained immediately. 

Securing cooperation of parents.—It is not always an easy matter to 
get the parents to agree to let the boy receive the profits from his 
project. Neither will they at all times agree to let the student carry 
on a project according to the plans he may work out in connection 
with his course of study. In fact, the securing of the cooperation 
of the parents is one of the most difficult problems in certain sections. 
As a rule, the teacher will accomplish more by working quietly to win 
the confidence and good will of the parents and patrons than he will 
by making arbitrary rules. A campaign of education among parents 
and an extension of aid from the agricultural department of the school 
are coordinate in some sections with the project work. The agricul- 
tural instructors are required to carry on extension work among adults 
while they are supervising the projects of students. 

Substitutes for home projects.—In many schools there will be students 
interested in the study of agriculture who do not live upon farms, or who 
are not able to carry out a project which will fit in well with their 
course of study. It is possible that practical work may be secured 
for such students that will accomplish the same results as a home 
project. Ifa boy is taking a course in dairying and can not take care 
of cows at home, it may be possible that he can secure work upon a 
dairy farm. If his work is such that it will fit m with a project plan 
there should be no objections to giving him credit for the work. 
Likewise, a student of horticulture may work in a commercial orchard 
or a market garden and get practical experience which will be worthy 
of credit if it is connected with the work of the school. 

Preparation of teachers.—Possibly the factor which limits most the 
teaching of practical agriculture is the lack of trainmg among teachers 
for this kind of teaching. Teachers who are prepared to succeed in 
the supervision of home projects are such men as are in demand for 
various phases of extension work. As the demand for such men at 
present is greater than the supply, comparatively high salaries must 
be paid. Itis-worth while for teachers to make an extra effort toward 
giving practical traming to their students, if considered only from 
the selfish view of getting experience in a kind of training which is 
in strong demand. Inseveral of the agricultural colleges the depart- 
ments of agricultural education are now giving special attention to 
practical traming for project work. 
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INTRODUCTION. 


This bulletin is a partial revision of a former bulletin by Albert T. 
Goldbeck and Frank H. Jackson, jr., issued June 10, 1912.1! The 
first bulletin dealt not only with the method of testing rock for 
road building, but also gave the results of laboratory tests obtained 
by the office on all rock samples received to July 1, 1911, together 
with the interpretation of those tests. It appears adn to 
present complete results of tests by the office at rather frequent 
intervals, so that additional data may be promptly available for 
the general use of highway engineers. The present bulletin has thus 
been limited to a description of methods employed by this office for 
testing rock for road building, and is intended to serve as a more 
or less permanent laboratory manual for those who have occasion to 
make such tests. 

Although the methods of determining the physical properties of 
rock used in macadam road construction have remained essentially 
the same since the publication of Bulletin 44, experience gained 


1 Office of Public Roads Bulletin No, 44, The Physical Testing of Rock for Road Building. 
17025°—Bull. 347—16——1 


2 BULLETIN 347, U. S. DEPARTMENT OF AGRICULTURE. 


since that time in the actual routine of testing has shown the neces- 
sity of strictly adhering to many apparently minor details the 
importance of which was not formerly fully emphasized. Particular 
stress has been laid upon these details, in order that others engaged 
in, or about to engage in, this line of work may, with the least amount 
of preliminary experimentation, obtain results of practical value. 

The first systematic attempts to determine the value of rock for 
road-building purposes by means of laboratory tests were made in 
France, where in 1878 a road-material laboratory was founded in the 
French School of Bridges and Roads at Paris. Here the Deval abra- 
sion test was adopted, and this test with slight modification has been 
accepted as standard throughout the United States. The test is 
named from its inventor and was first used in connection with con- 
tract work in the city of Paris. Many valuable data were also col- 
lected in this laboratory on the hardness and toughness of rock, and 
tests for these properties were developed which were, in principle, 
the same as those in use to-day. 

Outside of France very little work was done in road-material test- 
ing in either Europe or America until 1893, when the Massachusetts 
Highway Commission established a laboratory in the Lawrence 
Scientific School of Harvard University, under the direction of Logan 
Waller Page. The Deval abrasion test was adopted and a test to 
determine the binding power of rock dust was developed by Mr. Page 
in this laboratory. 

In December, 1900, the United States Government established a 
laboratory in the Bureau of Chemistry of the Department of Agri- 
culture, under the direction of Mr. Page. This laboratory became in 
1905 a part of the Division of Tests of the newly organized Federal 
Office of Public Roads. On July 1, 1915, during a general reorganiza- 
tion, it was placed in the Division of Road Material Tests and Re- 
search of the new Office of Public Roads and Rural Engineering. The 
recent general interest in road improvement has also resulted in the 
establishment of many laboratories in technical and scientific insti- 
tutions both in this country and abroad, as well as in the various 
State highway commissions. 


PHYSICAL PROPERTIES OF ROAD-BUILDING ROCK. 


The suitability of rock for use in highway construction is largely 
determined in the laboratory by tests of certain physical properties 
which have a direct bearing upon the behavior of the rock under 
service conditions. In the case of rock intended for use in water- 
bound macadam construction, experience has shown that the 
qualities most essential to success are those of hardness, toughness, 
and binding power. These properties may be briefly defined as 
follows: 
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Hardness is the property a rock should possess in order to success- 
fully resist the abrasive action of traffic, especially iron-tired vehicles, 
which tend to grind to dust the individual fragments of rock forming 
the wearing course of a macadam road. 

Toughness is the property a rock should possess to successfully 
resist fracture under the impact of traffic. 

Binding power, or cementing value, as it is more frequently called, 
is the ability which the dust of 2 rock should possess or develop by 
contact with water, so as to bind or cement the larger rock fragments 
together and prevent their displacement under the shearing action of 
traffic. This property is especially valuable in water-bound macadam 
construction, since it 
is depended upon to 
maintain the integ- 
rity of the wearing 
course as the road 
surface is worn off by 
traffic. 


PHYSICAL TESTS OF 
ROAD MATERIALS. 


A description of the 
various tests em- 
ployed to determine 
to what extent a rock 
Passesses the qualities Fic. 1.—Displacement method of determining specific gravity. 
outlined above,inad- 
dition to certain other properties of interest to highway engineers, is 
given in the following pages. 


SPECIFIC GRAVITY—WEIGHT PER CUBIC FOOT—WATER ABSORPTION. 


OBJECT. 


To determine the weight of a solid cubic foot of the material and the 
number of pounds of water which will be absorbed by a cubic foot in 
96 hours. 

EQUIPMENT. 

Beam balance weighing accurately to 0.01 gram and provided with 
suitable means for suspending the material in water while weighing. 
(See fig. 1.) 

Drying oven. 

Desiccator and calcium chloride. 

Thermometer. 

METHOD. 

A fragment of the rock weighing approximately 10 grams and rep- 
resenting as nearly as possible an average of the entire sample is 
dried for several hours to constant weight in a hot-air bath, cooled 
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in a desiccator, weighed in air, weighed in water at 25° C., immersed 
in water for 96 hours, and again weighed in water. The specimen 
should be suspended by means of a thin silk thread from the hook 
on one of the beam supports about 14 inches above the pan when 
weighing. When weighed immersed in water, the small amount of 
water absorbed by the thread is neglected. It is essential that the 
first weight in water be obtained as quickly as possible in order to 
secure the correct specific gravity of the material. This is especially 
true of very porous rock. In practice it is customary to do this by 
first obtaining the approximate weight of a trial specimen, both in 
air and in water, and of the true test specimen in air. The correct 
weight of the true specimen in water is next calculated as nearly as 
possible by proportion. This weight is then placed on the scale pan 
previous to the immersion of the true specimen in water. 


COMPUTATIONS. 


Calling the weight in air a, the weight in water b, and the weight 
in water after 96 hours’ same C, 


the specific gravity =——> s ; 


the weight in pounds per cubic foot then= z—5* X 62.37 pounds; 


the water absorption in pounds per cubic foot = = 62.37. 


VALUE OF TESTS. 


The weight per cubic foot is of value in estimating the weight of 
any given volume, as a cubic yard or carload, of the crushed stone. 
Thus, assuming 50 per cent voids in the crushed material, 

the weight in pounds per cubic yard — approximately = 
Wt. per = cu. ft. 27. 

The absorption test is of value in judging the probable lasting 
qualities of the rock under the action of frost, since the presence of 
frost in the stone is likely to promote weakness or even disintegration. 
It may also be of value in estimating the probable error due to absorp- 
tion in the weight of a quantity of stone exposed for some time to the 


weather. 
DEVAL ABRASION TEST. 


OBJECT. 


To determine the per cent of wear and the French coefficient of 


wear. 
; EQUIPMENT. 
Deval abrasion machine. 


This machine (see fig. 2) consists essentially of the pulley A, or 
worm gear and motor as at present used, driving the shaft BB upon 
which are mounted the four cast-iron cylinders CCCC in such a way 


PHYSICAL PROPERTIES OF ROAD-BUILDING ROCK, 


that the axes of the cylinders are 
inclined at an angle of 30° with 
the axis of rotation. These cyl- 
inders are 20 cm. in diameter and 
34 cm. in depth inside. The shaft 
is set in the three bearings DDD 
and carries at one end a revolution 
counter which is not shown in 
the cut. 

Balance weighing to 5 kilograms 
and sensitive to 0.5 gram. 

This balance should preferably be 
equipped with a supplementary 
scale pan, measuring 10 inches in 
diameter and 2 inches high, and a 
suitable counterweight. This will 
make it possible to weigh the en- 
tire sample in one operation. 

50-pound anvil. 

Stone hammers. 

Several 3-quart enameled iron 
pans. 

Sieve. 

The sieve should preferably be 
brass rimmed and reinforced in 
order to withstand heavy usage, 
about 16 inches in diameter, with 
square mesh of one-sixteenth 
(0.0625) inch clear opening. 

Drying oven. 


METHOD. 


The material is broken into pieces 
as nearly of the same size and 
shape as practicable, so that ap- 
proximately 50 pieces shall weigh, 
after thorough drying, to within 1 
gram of 5,000 grams. In no case 
should the number of pieces exceed 
60 or be less than 40. Care should 
be taken to use only freshly 
broken fragments, as pieces with 
rounded edges greatly affect the 
results. Although the size of 
the individual pieces composing 


._ a sample varies theoretically 
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Fig. 2.—Abrasion machine—Deval type (front view). 
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with its specific gravity, in practice the pieces may be so broken 
as to average from 2 to 24 inches in diameter with the assurance of 
obtaining a properly sized sample. After weighing, the sample 
is placed in one of the cylinders of the Deval machine, the cover 
bolted on, and the machine given 10,000 revolutions at the rate of 
30 per minute. At the conclusion of the test the sample is screened 
on the one-sixteenth inch sieve, the material retained thoroughly 
washed free from dust, dried in the oven, and again weighed. The 
difference between this weight and that first obtained represents the 
wear as determined by test. 


COMPUTATIONS. 


The initial weight in every case being 5,000 grams, and calling the 
final weight a, 

5,000 —a 
5,000 x 100. 

The French coefficient standard is based on the theory that a 
rock of standard excellence does not lose more than 100 grams under 
one-sixteenth inch in size during a test. This is equivalent to 20 
_ grams per kilogram of rock used, or 2 per cent of the original weight. 

Assuming, then, a coefficient of 20 for such a rock, the French coeffi- 


é ‘ 20 40 4 
‘cient of wear for any material =20 x a = ae = pare eae eae where 


then the per cent of wear= 


W equals the loss in weight under one-sixteenth inch in size per 
kilogram of rock used. 
VALUE OF THE TEST. 

In this test the sample is thrown the length of the cylinder twice 
in each revolution so that the individual stones grind against each 
other, as well as against the sides of the cylinders. The rock may 
likewise be broken by the impact, so that the test may be considered 
as one not only for hardness but for toughness. Values of the per 
cent of wear run from as low as 1 in certain rare cases to as high as 
30 or even 40 for some sandstones and limestones. 

This test was standardized in 1908 by the American Society for 


Testing Materials. 
HARDNESS TEST. 


OBJECT. 


To determine the resistance which a rock offers to the displace- 
ment of its surface particles by friction. 


EQUIPMENT. 


Diamond core drill. | 

The core drill is shown in figure 3, and consists essentially of the 
steel core tube A, measuring 1 inch inside diameter and 4 inches in 
length, fastened at its upper end to the hollow shank B. This is 
held in an ordinary drill press, equipped with a special hollow spindle. 
Running water is introduced in the upper end of the spindle from a 
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one-fourth-inch pipe, while the drill is held in its lower end by means 
of a headless set screw instead of the usual drift hole. In this way 
water may be carried in a very simple and convenient manner to the 
inside of the revolving drill. This method of supplying water to 
the drill has proved simpler and more satisfactory than the scheme 
described in Bulletin 44, in which the water is introduced at the side 
through a stationary brass ring. 

The Tobin bronze drill crown C, carrying the diamond points, is 
soldered to the lower end of the steel core tube A as shown in the cut. 
The crown should 
measure about one- 
eighth of an inch thick 
across its lower face, 
should be about 
three-sixteenths of an 
inch thick, and show 
a slight taper in its 
outer side, to allow 
clearance when cut- 
ting. Eight or ten 
holes are drilled in 
the lower face of the 
crown, of such size 
that the diamonds 
will wedge firmly into 
them, until nearly 
flush with thesurface. 

Black diamonds or 
carbons. 

The diamonds used 
in the drills and saws 
should be dense, reg- 
ular in shape, and 
should range in size 
from  one-sixteenth 
of an inch to three 
thirty-seconds of an 
inch in diameter. No flat, scaly, or porous diamonds should be used. 
Diamonds suitable for this work will usually weigh about one-tenth 
of a carat (0.02 gram) each. 

Diamond saw. 

A cut of the diamond saw is shown at A, figure 4. The saw 
proper is made of Russia iron and consists of a flat disk 8 inches in 
diameter and 0.03 inch thick. It is made as follows: 

The saw is firmly clamped between two circular wooden blocks 

» 7% inches in diameter, leaving one-eighth of an inch projecting all 


CHLO? POMUS 
Fie. 3.—Diamond core drill. 
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Fic. 4.—Diamond saw. 
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around. By means of a small one-fourth-inch steel chisel radial 
cuts are made in the saw one-eighth of an inch apart and one-eighth 
of an inch deep. The spaces between the cuts are then slightly 
opened by bending the projections alternately to the right and left. 
A mixture of vaseline and fine diamond fragments isinserted in each cut. 
All of the cuts are then closed with a pair of pincers and hammered 
down to the original thickness of the saw, thus driving the diamond 
dust into the metal. The diamonds are not ground to a powder, but 
are merely broken up into very fine fragments. A very small amount 


Fig. 5.—Details of Dorry hardness machine. 


of the mixture taken on the end of a toothpick is sufficient for each 
cut. Just enough vaselineis used to enable one to pick up the diamonds. 

The saw is mounted on a spindle (B, fig. 4) driven by the pulley 
(C) at 600 revolutions per minute from a motor (@). The specimen 
to be cut is held in the V block (D), which is mounted on a swinging 
arm pivoted as at (#). The lower end of the saw runs continuously 
in water contained in the galvanized-iron pan (/'F). 

Dorry hardness machine. 

The Dorry machine in use at the present time is a modification of 
the original French machine, and consists fundamentally of a circular 
steel disk (A, fig. 5), which is revolved in a horizontal plane by means 

17025°—Bull. 347—16——2 
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of the bevel gear (D), driven by the pulley (C7). At Fis shown a 
brass grip for holding the test specimen. The grip carrying the speci- 
men is held in a vertical position over the steel disk by inserting it 
in the sleeve (@), which is of such size as to form a sliding fit allowing 
free vertical but no sidewise movement of the grip. The abrasive, 
crushed quartz is fed onto the disk through the funnel (#), the lower 
end of which should form an opening one-fourth of an inch in diameter. 
The sleeve (@) is so placed that the center of the grip, when in position, 
will be 26 cm. from the center of rotation of the disk. A revolution 
counter is mounted as at (B). A galvanized-iron hopper, not shown, 
is fitted under the disk to receive and carry away the used sand. 

Crushed quartz sand. 

The sand used as the abrasive agent is a crushed quartz, screened 
to pass a standard sieve having 30 meshes per linear inch and to be 
retained on a standard sieve having 40 meshes per linear inch. Since 
it is almost impossible to obtain such a sand commercially, it is 
customary to specify a sand not more than 5 per cent of which will 
be retained on a No. 30 sieve and not more than 25 per cent of which 
will pass a No. 40 sieve. Sand known to the trade as No. 24 quartz 
will usually fulfill these requirements. 

Standard sieve 16 inches in diameter, with 30 meshes per linear 
inch. 

Standard sieve 16 inches in diameter, with 40 meshes per linear 
inch. 

Balance, same as used in abrasion test. 

Several small metal washers. 


METHOD. 


A core 25 mm. in diameter and about 10 cm. long is cut with the 
diamond drill from the specimen to be examined. To use the 
diamond drill properly, so as to avoid undue wear, requires great care 
and considerable experience. It is convenient to mount the specimen 
under test on the table of the drill press by means of a bag filled with 
sand, which forms a cushion for the irregular, projecting edges of the 
rock. Very small specimens may be mounted in plaster of Paris. 
The core should in every case be drilled perpendicular to the bedding 
plane of the rock, using the hand feed of the drill press only, with 
just enough pressure to cut. Should the core be not cut entirely 
through the specimen it may be removed by inserting the end of a 
small screw driver into the cut and using it as a lever to break the 
core away from the bottom. After thoroughly drying, the specimen 
is inserted in the brass grip of the Dorry machine, leaving about 1 
inch projecting from the lower end. The grip is then inserted in the 
sleeve so that the lower end of the specimen rests on the steel disk. 
The funnel is filled with sand and the machine run until the lower end 
of the specimen has been worn down to the plane of the disk. The 
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grip carrying the specimen is then removed, brushed free from dust, 
and accurately weighed. By means of the small metal washers, 
any one or more of which may be slipped over the projecting rod of 
the grip, the initial weight should be adjusted to exactly 1,250 grams. 
The grip is then replaced in the same position as before and the 
machine given 1,000 revolutions at the rate of 30 per minute, after 
which it is again weighed. The test should be repeated with the 
specimens reversed, in order to obtain the average hardness of the 
two ends. 

The one-fourth inch opening in the funnel of the hardness machine 
will allow 18.5 pounds of sand to pass through during a test. 


COMPUTATIONS. 


Calling the initial weight of grip plus specimen a and the final 
weight after 1,000 revolutions 6, 


the coefficient of hardness = 20 — a - 


The coefficient 20 was chosen as the standard of comparison to 
give about the same range of values as those obtained by the Deval 
abrasion test. The loss in weight is divided by 3 in order to avoid 
negative coefficients, since it was found that a specimen might lose 
as high as 60 grams in a single test. 


VALUE OF TEST. 


The test is of value in determining the resistance of a rock to the 
grinding action of traffic. The coefficient of hardness for various 
types of rock will run from 19.7 for the hardest varieties of quartzite 
to 0 for very soft limestones and sandstones. 


TOUGHNESS TEST. 


OBJECT. 


To determine the resistance which the material offers to fracture 


due to impact. 
EQUIPMENT. 


Diamond core drill (same as used in hardness test). 

Diamond saw (same as used in hardness test). 

Grinding lap. | 

The grinding lap used for preparing specimens for the toughness 
test is shown in figure 6. It is 9 mches in diameter and is driven 
by means of a small electric motor at a speed of 400 revolutions per 
minute. Finely powdered carborundum is used as an abrasive agent. 

No. 120 carborundum. 

Page impact machine. 

In the Page impact machine (fig. 7), a 2-kilogram hammer (JV) 
is guided by two vertical rods (J). The upper end of the hammer 
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has a small cone set in it, which fits snugly into a concentric electro- 
magnet, and this is attached to the lower side of a crosshead (MM) 
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Fig. 6.—Details of grinding lap. 


which slides freely on the guide rod (J). This crosshead is provided 
with a slot in its rear side through which a sprocket chain (S) passes, 
and this sprocket chain is supported on the sprocket wheels, which 
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are attached to castings at the top (J) near the base (H) of the 
machine. The lower sprocket wheel is directly connected by a worm 
gear to an electric motor (@). The sprocket chain is provided with 
four small lugs (X), which, when the chain is bemg driven by the 
motor, engage a spring bolt attachment which projects inward on 
either side of the slot on the crosshead (MM). This raises the cross- 
head until tripped by a rod projecting downward from an upper 
crosshead (Z). When this takes place the crosshead (MM) which 
holds the electromagnet falls until it comes in contact with the 
hammer (NV). The electromagnet is supplied with current from the 
circuit in series with an ordinary electric lamp which not only serves 
to cut the voltage in the line but acts as a pilot lamp as well. This 
current is conveyed through two small conducting rods running par- 
allel to the guide rods, both of which are insulated from the rest of 
the machine. The current passes from one of these conductor rods 
through a small carbon brush to a make-and-break attachment on 
the upper crosshead (Z), thence down one of the guide rods, through 
the electromagnet, and back to the other conductor rod. 

When the crosshead (4) is raised by the lugs on the sprocket chain 

and the current turned on the magnet the hammer is lifted until the 
_ crosshead (M/) comes in contact with the make-and-break on the 
crosshead (Z) and thus releases the hammer, which falls, striking a 
plunger (0). The plunger is made of armor-piercing steel, with the 
maximum temper at its lower end, which is spherical in shape. The 
upper surface of the test piece, which rests on a counter anvil (W) 
of hard steel, is in direct contact with and tangent to the spherical 
end of the plunece at its center point. 

It will be observed that the blow as delivered through a spherical- 
end plunger approximates as nearly as practicable the blows of 
traffic. Besides this it has the further advantage of not requiring 
great exactness in getting the two bearing surfaces of the test piece 
parallel, as the entire load is applied at one point of the upper surface. 

The upper crosshead (ZL) is raised through any desired height by 
means of the long revolving screw (K), which is geared at its lower 
end to a dial (Q), on which the height of the make-and-break attach- 
ment, and therefore the height of the hammer drop, may be read 
directly. By means of the revolving dial and screw the height of 
the crosshead may be adjusted, by very close approximation, to 
within 1 millimeter. 

In order to prevent the crosshead (JM) which holds the electro- 
magnet from striking too hard a blow on the hammer when falling, 
a dashpot was first used, but it has been found that a few drops of 
cylinder oil on the lower ed of the guide rods completely eliminated 
this difficulty. 
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METHOD. 


A core of the rock which is to be tested is first drilled, as described 
under the hardness test. In many cases the core which has already 
been subjected to the hardness test may be used. A cylinder a little 
over 25 millimeters long is next cut from the rock core by means of 
the diamond saw. The ends are then ground plane on the grinding 
lap, making the length of the specimen when completed exactly 25 
millimeters. Although it is not necessary that the two ends of the 
specimen be exactly parallel, one surface at least should be as nearly 
perpendicular to the axis of the cylinder as it is possible to make it. 
After drying, the specimen is placed on the anvil (W) of the Page 
impact machine, taking extreme care that when in position the 
specimen rests with a perfect bearmg on the anvil and that the 
spherical end of the plunger touches the specimen exactly in the 
center of its upper surface. The small thumbscrew used for sepa- 
rating the clips which hold the specimen in place should be so adjusted 
that the clips hold the specimen firmly without any undue pressure 
on the spring. Attention to these details is very important if accu- 
rate results are to be obtained. When the specimen is in position 
the current is turned on the magnet and the upper crosshead is 
lowered until the rod projecting from it just comes in contact with 
the rod projecting up from the lower crosshead (1). This occurs 
at the instant the pilot lamp, in series with the magnet circuit, flashes 
out. The dial (Q) is then adjusted to (QO), the upper crosshead 
raised 1 centimeter, and the motor started. After each blow the 
fall of the hammer is increased 1 centimeter until failure of the test 
piece occurs. 

COMPUTATIONS. 

The height in centimeters of the blow at failure is recorded as the 
toughness of the material. The average of two determinations is 
taken. 

VALUE OF TEST. ; 

This test is useful in determining the comparative resistance of 
rock to the impact of traffic produced by the action of horses’ hoofs, 
etc., on the stones forming the wearing course of a macadam road. 
Toughness in rock varies through a wide range of values from as low 
as 2 or 3 in the case of some limestones and sandstones to as high 
as 60 in rare instances. 

This test was standardized in 1908 by the American Society for 


Testing Materials. 
CEMENTING VALUE TEST. 


OBJECT. 


To determine the ability which the rock powder, when wet, pos- 
sesses of binding the larger fragments together. 
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EQUIPMENT. 
Small jaw crusher. 


Balance (same as used in abrasion test). 

100 c. c. graduate. 

Several 1-pint jars, with metal screw caps. 

Ball mill. - 

The ball mill shown in figure 8 consists essentially of the cast-iron 
casing (AB), split into the two unequal segments (A and B). It 
revolves in a vertical plane on the shaft (CC) bearing in the pillow 
blocks (DD) and driven by the pulley (#). The steel shot used for 
grinding measure 5 inches in diameter and weigh 20 pounds each. 
Two shot are used in each mill. 

Briquette-forming machine. 

This machine is shown in figure 9 and consists fundamentally of a 
hydraulic cylinder (A) supporting an iron platform (B) through the 
piston rod (C). The cylindrical metal die (D) is provided with a 
closely fitting plug (£) supported by guide rods (KK). The supply 
pipe shown in the cut admits water to the cylinder. The lever arm 
(G) is provided with an adjustable weight (H) consisting of a hollow 
cylinder partially filled with shot. Details of the metal die are 
shown in figure 10, in which a small metal stand (A’) shaped in the 
- form of a half circle is used in removing the compressed material. 
Small balance weighing to 100 grams and sensitive to 0.1 gram. 

Millimeter scale. 

Drying oven. 

The oven should be equipped with a thermometer and regulating 
device for maintaining a constant temperature of 100° C. for several 
hours. 

Desiccator and calcium chloride. 

Shellac dissolved in alcohol. 

Page impact machine for testing cementing value. 

The machine as shown in figure 11 consists essentially of the 
motor (A) driving the cam shaft (EH) by means of a worm gear at the 
rate of 60 revolutions per minute. The plunger (H), weighing 
one-half kilogram, is held in position on the briquette (J) by means 
of two spiral springs, one on each side of the sleeve in which the 
plunger slides. The lever (Z) is pivoted on the plunger through a 
slot cut in the sleeve. It carries a brass pencil at one end, while the 
other is provided with means for adjusting the height of the pencil 
with reference to the drum (1). The hammer (@), weighing 1 kilo- 
gram, is raised by the pin (/’) which slides upon the face of the cam 
(Z). The pin is provided with a thumbscrew and locknut (/) for 
adjusting and maintaining its vertical position. The cam (£) is also 
provided with means for imparting at each revolution a slight motion 
to the drum (J), so that the drum makes one complete revolution for 
each 100 blows of the hammer. 
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Fie. 9.—Details of briquette machine. 
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Sensitized paper. 

The paper used for recording the number of blows delivered by the 
hammer of the impact machine measures 8 by 2? inches in size and is 
sensitized on one side to take the impression of a brass point. 


METHOD. 


A 500-gram sample of the material to be tested is crushed to pea 
size and placed in the ball mill together with 18 per cent (90 c. c.) of 
water. After 5,000 revolutions of the mill, at the rate of 30 per min- 
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Fig. 10.—Details of briquette mold. 


ute, the resulting dough is removed and molded into briquettes 25 
mm. in diameter and 25 mm. high. The dough should never be 
allowed to stand in the open air after grinding and previous to mold- 
ing, but should be tightly sealed in a fruit jar. ‘Even when sealed, 
however, the dough should not be allowed to stand more than two or 
three hours before molding into briquettes. In order to obtain 
briquettes of the proper height, a trial specimen should be made as 
follows: 28 grams of the material is weighed and placed in the die, 
the plunger inserted, and the whole placed upon the platform of the 

briquetting machine. Water is admitted to the cylinder until the 


20 BULLETIN 347, U. S. DEPARTMENT OF AGRICULTURE. 


pressure is just sufficient to raise the lever arm. This will take about 
30 seconds. The weight on the lever arm should be so adjusted that 
there will be a maximum pressure on the briquette of 132 kilograms 


FF? ON FT 


Fig. 11.—Details of Page impact machine for testing cementing value. 


per square centimeter. At the moment the lever arm is raised the 
pressure should be released. The briquette is then removed as shown 
in figure 10 and its height carefully measured. Add or subtract 1 
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gram from the material forming the next briquette for each milli- 
meter variation from 25 in the height of the trial specimen. Six 
briquettes 25 mm. high should be made from each sample. They are 
allowed to dry in the air at ordinary room temperature for 20 hours 
after making, and are then dried at a temperature of 100° C. for four 
hours, cooled for 20 minutes in a desiccator, and immediately tested. 
Briquettes should not be allowed to stand in the open air while 
waiting to be tested, but should be kept in the desiccator. In making 
the test the briquette is held in position on the anvil of the testing 
machine by means of a drop of thick shellac, extreme care being 
taken to see that there is perfect contact between the upper surface 
of the briquette and the plunger, as well as between its lower surface 
and the anvil. There will ordinarily be no difficulty in securing this 
result. In certain highly argillaceous materials, however, the 
shrinkage caused by drying out sometimes warps the briquette so 
that its two ends are not parallel. In such a case a perfect bearing 
can only be secured by very carefully grinding the end of the bri- 


{Failure 62 Blows 
| 5 


Fic. 12.—Record of cementing-value test. 


quette on a piece of fine emery cloth until a satisfactory bearing is 
obtained. With the briquette in position, the plunger resting on 
it, and the cam in the position shown in figure 11, the end of the 
pin (F) is brought into contact with the surface of the cam and the 
locknut tightened. This will give an effective drop of 1 cm. to the 
hammer. The brass pencil is so adjusted that on revolving the drum 
a horizontal line will be traced on the sensitized paper which is 
wrapped tightly around it and held in place by a rubber band. On 
starting the motor, each blow of the hammer will then be recorded 
in a short vertical line above the base line. The number of blows 
required to destroy the resilience of the briquette will equal the number 
of vertical lines showing on the record above the baselines. A typical 
record is shown in figure 12. In counting the number of vertical 
lines showing on the record, no attention should be paid to the fact 
that the short horizontal lines gradually drop below the original base 
line. Each vertical line which shows above the corresponding hori- 
zontal base line on its right should be counted as part of the record. 
The typical record shown in figure 12 brings out this point clearly. 
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GOMPUTATIONS. 


The number of blows required to destroy the specimen is called 
its cementing value. An average of five determinations is taken. 


VALUE OF THE TEST. 


On account of the great number of variables entering into this 
test, some of which are very difficult to control, concordant results 
are not always obtainable. Also, certain types of rock, particularly 
some varieties of sandstone, give results that appear to be at variance 
with those obtained in actual practice. With this exception, how- 
ever, the test will, if properly carried out, give a very good pre- 
liminary idea of the binding power of the material under examination. 
Results of this test vary enormously, running from 0 for pure quartz 
to as high as several thousand blows in the case of high-binding 
clays. 

COMPRESSION TEST. 

This test is not ordinarily made upon road-building rock. Since, 
however, it is included in certain specifications for rock used as paving 
block, it is made when requested in the following manner: 

A cylindrical test specimen 2 inches in diameter and-2 inehes high 
_ is prepared by the same method as previously described under the 

- toughness test, except that a 2-inch core drillis used. Both ends of 
the specimen which have been properly faced are then bedded in 
plaster of Paris, and the cylinder crushed in a 200,000-pound universal 
testing machine. A small 2-inch spherical bearing block is placed 
between the moving head of the machine and upper surface of the 
specimen. The average of at least two determinations are reported 
as the crushing strength calculated in pounds per square inch. 


APPENDIX A. 


Samples of road-building rock are tested free of charge by the 
Office of Public Roads and Rural Engineering for any citizen of the 
United States provided the samples are submitted strictly in accord- 
ance with full printed instructions, which are sent on request. The 
following forms are used by this laboratory in connection with the 
work of rock testing: 


Form 6—Rev. 
UnitED States DEPARTMENT OF AGRICULTURE, 
OrricE oF Pusiic Roaps anD RuRAL ENGINEERING, 
WasHINGTON, D. C. 


INSTRUCTIONS FOR SELECTING AND SHIPPING SAMPLES. 


In order to have road materials tested in the laboratory of the Office of Public Roads 
and Rural Engineering the instructions below must be carefully followed: 

1. All samples shall be selected to represent as nearly as possible an average of the 
material. 
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2. Asample of rock for laboratory tests shall consist of stones which will pass through a 
3-inch but not through a 14-inch ring—excepting one piece, which should measure 
approximately 4 by 6 inches on one face and be about 3 inches thick. The whole 
sample shall weigh not less than 25 pounds. It is desired that samples of rock be 
shipped in strong burlap bags. 

3. A sample of gravel shall weigh not less than 25 pounds. Such samples must be 
shipped in boxes or bags sufficiently tight to prevent the finer material from sifting 
out. In selecting samples of gravel great care should be exercised in order to obtain 
material that is an average of the run of pit. 

4, Samples of sand, clay, or marl must weigh at least 10 pounds and should be 
shipped in strong cloth bags or tight boxes. 

5. A sample of cement should weigh at least 10 pounds and be shipped in a strong, 
tight cloth bag. 

6. A blank form and addressed tag envelope will be supplied by the Office for each 
sample. The blank form must be filled out and placed in the tag envelope, which 
must be securely fastened to the bag and used as the address for the sample. It is 
essential that the blank forms be filled out with the utmost care, as they are filed 
as records of the samples. A form, properly filled out, must be attached to each sample. 

7. The Office desires to keep a record of the actual wear on roads built of the materials 
tested. Ifthe material which this sample represents has been or is about to be used 
on roads, this Office desires to be informed of the addresses of those in charge of the 
construction and maintenance of such roads. 

8. Samples may be shipped, freight, express, or parcel post, and must be fully 
prepaid. 

9. The Office makes no charge for tests. 

Logan WALLER PaGeE, Director. 


Form 5. 
UniTED States DEPARTMENT OF AGRICULTURE, 


OrrFicE oF Pusiic Roaps aND RurRAL ENGINEERING, 
WasuinetTon, D. C. 


The sample of road material described below isa .................--0-eeccesccee 


IR GTamLIes PEODERUY Ol. cg tae on Sal. Ls emi tote EN ee ec a SE crolie me 
WM aie airs os crs Hoe soph ob dere jen ore ee ata. eee SiS GS ce SES pe Deas iac 


SAHOMILELC Ce Dyer Setar see cee ss oo te See oneaiieiioas sec eelnee see etecideniee 
PCCM SU Obey 1) pe ahr Sah io als Stan = = => REN ote creas aro a wie'e nin a’sl cialis eieireuinle saaieiere 
Paton shipment.J22 04. 5.-.25...--.-.-48 VGA Se eee ee Ret Wits Sse Ibs. 
Approximate quantity of material availablesc:.. 20... 2.22.2 o ce eee den 
idavidualidentitication mark .. 0 :+... Rees ae) ooo. oS eulees Si belee oe eatoe es 


It is desired that this material be tested to determine its suitability for use as 
ROW ORHES., AE SSS SEAS ae CUE nS Ee eet ge PROMS! 2s eg Oe EL er eer Nes Pate Pate 


ee ee er en 


Nore.—In order to have the proper tests made, it is essential that the above state- 
ment be as complete as possible. 

Has material been used on roads? If so, where, in what type, and with what 
ISU Mel cue ct et aFalelos satel oS ckeiaynin) 2 lc, cvcta.n «2» GMs slo iae Seti Seine efajaie Boch iS serves = 


ee i 


Do not write below this line. 


LABORATORY RECORD. 


WatemeceLyedi + ffm oma cise me... 5 Mee ef Serial Now set Ae as 
Condition: of Sample...) Bet esse) . 7. es = SRT Se eet en Ales Ae ac 
Riecetntracknowledveds: on oa Sc 31) eee Me Lee ees ee J ee 


‘ 
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Form 16. 
UnritEp States DEPARTMENT OF AGRICULTURE, 
OrFicE or Pusiic Roaps anp Rurat ENGINEERING, 
Wasainerton, D. C. 
sald SEs Bila Bf , 191 
DEAR Sir: 

Your sample'of- 5 22. een St. - eee ee eee eee pean re RE SEES it 
fromiiiccte. Bee ees a A ae, cee ee Ce ae ee Lp ae pees eS 
has been received and will be tested in the order of its arrival. 

Very truly yours, 
Director. 


Hee) C1 Red: he a nt ee Se oe OO RUE Maer) dards te to i> Nom cob aos ouebodL one 
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Form 20. 
UNITED STATES DEPARTMENT OF AGRICULTURE, 
OrFicE oF Pusiic Roaps AND RuRAL ENGINEERING, 
WASHINGTON, D. C. 
Report on sample No. .........-.----- of road material from ...... pe ek aA See 
Made at the request'of 22.) . oi. 20h A sac, ee eee lt 
Material: 4 #8. f52 35 Bets ies Mane Bhs SBE le SS SSE 
DETERMINATIONS. 

Specifie pravity foi) 0 5 es Ao tb ee Mines ee) nee ee 

Weight per cubic foot. ...........-- Ppa Seer SA pounds. 

Water absorbed percubicfoot.1.). 2226 . 4225-4228. 4 eee ee eee pounds. 


‘Per contiol wears pees ole ok Se ee et ge A ae ee me 
French: coeflicient of wear... 3.0222) ee eee es 


Toughness. 3. 5. Ree ee. Sa 2 eae eg ne ee 
Cementing-Valuies.o.ce.scgecss ss. star tee pee ee es 
Remarks 2.52 fo'be 2 toisiess actateie ese +0 «0/5 Sag eie eee eee en 


Respectfully 
’ —__ ——_, Assistant Director. 


APPENDIX B. 


' EQUIPMENT OF A ROAD-MATERIAL TESTING LABORATORY. 


A complete list of all apparatus necessary to carry on the work of 
rock testing follows: 


1 Deval abrasion machine having four cylinders. 

1 impact machine for toughness test. 

1 Dorry machine for hardness test. 

1 impact machine for cementing-value test. 

1 cementing-value briquette-forming machine. 

2 ball mills. 

1 diamond core drill, with suitable drill press. 

1 diamond saw. 

1 grinding lap. 

5 pounds No. 120 carborundum. 

1 small jaw crusher. 

1 scale, capacity 5 kilograms and sensitive to 0.5 gram. 

1 scale, capacity 100 grams and sensitive to 0.1 gram. 

1 balance, capacity 100 grams and sensitive to 0.01 gram. 
1 large drying oven. 

1 small drying oven, with temperature-regulating device. 
1 10-inch desiccator, with calcium chloride. 

1 millimeter scale. 

1 dozen pint jars with metal screw caps. 

1 dozen 3-quart enameled iron pans. 

1100 c. c. graduate. 

1 100 c. c. beaker. 

1 15-inch standard sieve, with 30 meshes per linear inch. 
1 15-inch standard sieve, with 40 meshes per linear inch. 
1 16-inch sieve, reinforced with square openings one-sixteenth of an inch in size. 
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100 burlap bags about 17 inches square. 
500 blank tags. 

1 50-pound anvil, 

1 10-pound sledge. 

1 3-pound double-face stone hammer. 

1 14-pound single-face stone hammer. 

1 6-inch scoop. 

1 barrel quartz sand between No. 30 and No. 40 sieves. 
1 50-pound bale of waste. 

1 waste can. 

1 oil can and motor oil. 


This equipment should be sufficient to enable a force of three men 
to maintain an average of 24 routine rock analyses per week. The 
complete cost of equipping a laboratory as outlined above should 
not exceed $1,500 and would probably not reach this figure if some 
of the larger machines were shaft driven instead of direct connected. 


PUBLICATIONS OF THE UNITED STATES DEPARTMENT OF AGRICULTURE 
RELATING TO ROADS AND ROAD-BUILDING MATERIALS. 


AVAILABLE FOR FREE DISTRIBUTION. 


Repair and Maintenance of Highways. (Roads Bulletin 48.) 

Highway Bonds. (Department Bulletin 136.) 

Road Models. (Department Bulletin 220.) 

Portland Cement Concrete Pavements for Country Roads. (Department Bulletin 249.) 
Sand-clay and Burnt-clay Roads. (Farmers’ Bulletin 311.) 

Macadam Roads. (Farmers’ Bulletin 338.) :. 

Benefits of Improved Roads. (Farmers’ Bulletin 505.) 

The Road Drag and How it is Used. (Farmers’ Bulletin 597.) 

Oil-mixed Portland Cement Concrete. (Department Bulletin 230.) 


FOR SALE BY THE SUPERINTENDENT OF DOCUMENTS. 


The Construction of Macadam Roads. (Roads Bulletin 29.) Price, 10 cents. 

Road Materials of Southern and Eastern Maine. (Roads Bulletin 33.) Price, 20 
cents. 

Examination and Classification of Rocks for Road Building, Including the Phys- 
ical Properties of Rocks with Reference to their Mineral Composition and Structure. 
(Roads Bulletin 37.) Price, 15 cents. 

Methods for the Examination of Bituminous Road Materials. (Roads Bulletin 38.) 
Price, 10 cents. 

Constructing Macadamized Roads. (Roads Circular 21.) Price, 5 cents. 

_  Bitumens and their Essential Constituents for Road Construction and Maintenance. 

(Roads Circular 93.) Price, 5 cents. 

Vitrified Brick Pavements for Country Roads. (Department Bulletin 246.) Price, 
10 cents. 

Use of the Split-log Drag on Earth Roads. (Farmers’ Bulletin 321.) Price, 5 
cents. 

Selection of Materials for Macadam Roads. (Separate 204 from the Yearbook 1900.) 
Price, 5 cents. 
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RELATION OF MINERAL COMPOSITION AND ROCK STRUCTURE 
TO THE PHYSICAL PROPERTIES OF ROAD MATERIALS. 


By E. C. E. Lorn, Petrographer. 
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INTRODUCTION. 


The importance of selecting proper materials for the construction 
of macadam roads has become generally recognized and has led to a 
careful study in this office of a large number of rocks in order to 
properly determine their mineral composition and road-making prop- 
erties. The earlier results of these investigations, which were pub- 
lished in 1911,1 have demonstrated that certain physical properties 
are in a general way characteristic of definite rock types and may be 
attributed to, the peculiar arrangement and composition of the rock- 
forming constituents. With a largely increased number of samples 
available for examination it has been found possible to correlate these 
relations more exactly, and in the present publication the results 
obtained will be presented with special reference to the effect of 
secondary minerals on the physical properties of rocks for road 
building. 

In considering these results it should be noted that owing to the 
complexity of the subject and of the possible effect of many variables, 
it has not been possible to develop definite laws. The discussion of 
the effect of secondary minerals has therefore been based necessarily 


1 ®xamination and Classification of Rocks for Road Building, U.S. Office of Public Roads Bul. 37. 
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upon their tendency to influence the physical characteristics of the 
rocks in which they occur. 

It will be found desirable to outline, in advance, the method em- 
ployed by this office in the analysis and classification of road materials, 
as well as to review briefly the mineral composition of rocks and the 
manner in which their more important physical properties have been 
determined. 


EXAMINATION AND CLASSIFICATION OF ROCKS FOR ROAD MAKING. 


Upon receipt of the rock sample, which, according to printed in- 
structions, should weigh not less than 30 pounds and be collected 
with care to represent as nearly as possible an average of the whole 
rock outcrop, it is examined in a general way to determine the proper 
method of analysis. 

Both rocks consisting chiefly of the carbonate minerals (limestone 
and dolomite) as well as unconsolidated deposits (clay, gravel, sand) 
are subject to chemical or mechanical analysis when necessary, 
whereas all other materials are examined microscopically to deter- 
mine the quantitative proportions of the minerals present in the 
rock sample. To carry out a quantitative analysis of this kind it is 
necessary to prepare a thin section of the sample so that its mineral 
constituents may be readily recognized and 
measured. Figure 1 represents such a section 
of rock mounted in Canada balsam. . 

The section is prepared by grinding down 
with emery powder on a revolving iron disk a 
representative chip from a hand sample of the 

— rock until a smooth, flat surface is obtained. 
Fie. 1—Thin section of | The chip is then firmly attached to a thick glass 

Fook: mourted on glass plate of appropriate size by means of Canada 
balsam, with the prepared flat surface against the glass, and the 
grinding continued on the opposite surface until the section ap- 
proaches the thickness of tissue paper and becomes transparent, 
when it is transferred to an object glass and attached by means of 
the balsam, and finally covered with a very thin cover glass. The 
minerals present in the slide are then identified under the microscope 
and their relative proportions determined by means of a measuring 
apparatus devised by L. W. Page. This consists of an ordinary fixed 
eyepiece having a square field of about 1 centimeter area divided into 
100 equal parts, as shown in figure 2. 

With the aid of this crossline micrometer, each square of which is 
1 one-hundredth or 1 per cent of the whole field, the relative pro- 
portions, expressed in percentage, of the minerals occupying the field 
can be readily determined by simply noting the number of squares 
covered by each mineral in turn. The average results of 20 such 
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TaBLeE 1.—Average mineral composition and physical properties of rocks for road making. 


Mineral composition, expressed in percentages. Physical properties.! 
Samples ma ; 3 3 A 5 . i 3 g o 38 5 8 P El Sampl 
wg] Rock varieties, Je Ve OP ee EE Gell el eS ae eal flelel. | |4) [2] 8. )eel g | g | Sg | Reckvaatee — |fammee 
PIS Ia lala l else le lel alse lal epee rele aye] Bleyslelelgele Sie ies] Ge] ef | ee || Ge 
Ste hele pee lelelelaelelaer ele ele ela le ye] Ble lelelelele STE la? fle | Ee | Be 
= a 2 $ | P= 3 
@ || 3 a 4 ie] A rl | a 6 4 a EI a a eI iS 6 rs a Be | US aS ea ee | ea, 4 a | @ 
1 165 | Granite 41.0] 7.8] 0.1] (3) 27 Bid 0.9} 4.0 |. 0.1 2.66) 3.7] 18.3 12 24 | Granite 165 
2 51 | Biotite-granite. 36.0] 9.0] () 0.1] 10.0] 1.2 0.2] 5.4 0.2 2.68] 5.4] 17.9 9 33 | Biotite-granite. 51 
3 20 | Hornblende-gra 83.0| 11:8] 0.4] 12.6] 3:8] 0.2 (|| abil 0.5 27 3.8] 18.6 13 20 | Hornblende-granite 20 
4 23 | Augite-syenite. 3.7| 45.0] 6.9| 7.9| 14] 4.0] 0.4 3.3] 10] 7.0 0.5 274) 3.3) 18:3 15 74 | Augite syenite. 23 
5 75 | Diorite. 8.0] 7.1] 30.0] 2:7) 27.0] 3.5] O21 285i | 052) 0.2! 287] 3.0| 18.2 17 30 | Diorite 75 
6 50 | Gabbro- 0.5 2] 28.4] 8.8] 2.0 Pyit|| (0303 2.97] 3.0) 17.7 iu 47 | Gabbro 50 
7 4 | Peridotite 6.0] 0.6 30.6| 0.3 2.93] 4.0] 1412 i 52 | Peridotit 4 
8 43 | Rhyolite. 0.7 1.5] 26 0.4 |. 2.56| 3.7| 18.3 19] 118 | Rhyolite. 43 
9 6 | Trachyte. 5.9 27, 4.5 9.4 2.73 2.9, 18.1 pat 102 | Trachyte. 6 
10 67 | Andesite. Bid Ball Ay 12.5 2.66] 3.9] 17.0 18] 188} Andesite. 67 
iit 70 | Basalt... 3.4| (3) 20.6 226] 28] 17.8 20 38 70 
12 196 | Altered basal 3.8| 0.3 11.8 2.83] 3.0] 16.9 1g] 144 196 
13 29 | Diabase.. E 318 | (3) 1.9 3.00] 22] 18.3 35 30 29 
re 231 | Altered diabase 85.0 | 25.5] 2.3 41] 0.4]. 0.6 2,95) 26) 17.7 19] 104 231 
15 875 | Limestone. i | 0.6 2.65] 5.0} 14.1 9 54 | Limestone. 875 
16 331 | Dolomite. : | 0.6 272) 5.5] 14.9 9 33 | Dolomite 331 
Vy 109 | Sandstone 4.8 abil 0.7 4| 9.0 2.66] 6.2] 14.4 10 51 | Sandstone. 109 
18 191 | Feldspathic sandstone. 26.4 1.5 27 6] 3.9 2.62| 6.2] 14.6 13 80 | Feldspath: 191 
19 53 | Calcareous sandstone. 2.8 0.1 2.4 3] 217 269] 4.2] 15.8 1 60 | Caleareous sandstone. 53 
pi) 62 | Chert 0.1 0.2 0.1 S18 | eT? 254] 9.4] 18.2 12 30 | Chert 62 
aL 107 | Granite-gneiss 82.1 || 2.9)|| O21) (3) 6.7| 10.9 | teil bill} 73 .6] 0.3 2m) 4.5) 177 10 24 | Granite-gne 107 
22 62 | Biotite-gnoiss EE | _ FA eccosend Go| 1974 1.8 qj ik 41 168) || Oe 2.75 16.6 8 37 | Biotite-gneis 62 
23 18 | Hornblende-g: 16.1} 14.8 3.3] 44.8 2:6 0.9 H 0.7 8 1.9 Ppa 0.1. 3.00 17.6 14 23 | Tornblende-gi 18 
or 42 | Mica-schist. 15.8 RGEy! Peyseie eel ana se 13.0 | 25.5 | 2.0 1 2.4 1.5 0.1 2.77 16.9 10 36 | Mica-schist. 42 
25 17 | Biotite-schisi 13.0} 3.2/ 01] 10] 378] 3.0 {| @) cO)|) east) sb} Al 2.80 16.1 i 42 | Biotite-schis 17 
26 23 | Chlorite-schis! 017 | 20:1 |.-.-22-- 4.6 O10 |h.22-- -| 89.8 28.8] 3.5] 0.8 2.90 15.4 14 45 | Chlorite-schis z 23 
27 68 | Hornblende-schis| 3.2) 11.7 5| 60.6 1.4 0.2 -| 0.4 6.8 2.0 0.2 2.95 17.0 16 30 | Hornblende-schis! : 68 
28 22 | Amphibolite. Wh8)|| EL | bacsoseel 70.3 0.9 0.2 Bes) 11.8 1.4 0.5 3.02 17.5 19 42 | Amphibolite...... : 22 
29 7 3 . 5 bil |. 2.76 15.0 17 57 | Slate... 7 
30 61 a3) bef nell 0 all Gall iA 2.68 18.9 7 11 | Quarizite. 61 
31 22| Feldspathic quartzite 27.1 1.0 2.9 4, 3. 1.4 11 1.3 2.69 18.5 20 26 | Feldspathic quartzite 22 
ea 11 | Pyroxene quartzite. 19:3 | 15.0 1.0 0. 4.8] 0.5 2.97 18.2] 19 14 | Pyroxene quartzite. a 
33 8 | Welogite 6.5 | 25.4 2.3 0. £574 | bsceeoeel 3.10 18.4 a4 a 13 
34 18 | Wpidosite bd] O11 0.1 1h 212/08 2.99 18.0. if 3 Gt 
85 61| Marble... 02] 02). 0.1 0.3 277 13it G a 
1 For explanation of figures representing physical properties, see text, pages 17-20. 2 Figures in bold type indicate the essential minerals which are characteristic of the rock variety. 3 Trace. 
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measurements taken in various parts of the section will, under 
ordinary conditions, give the volumetric proportions of the minerals 
in the rock itself. If desired, the chemical composition of the rock 
may be approximately obtained by multiplying the volumetric per- 
centages of all the minerals present by their specific gravities and 
reducing the whole to a basis of 100, and then multiplying the values 
obtained by the percentages of the chemical components, reckoned 
as oxides, belonging to each mineral.' 

The average mineral composition and physical properties of all 
rock samples analyzed and tested in this office up to January 1, 1914, 
are given in Table 1. 

The material has been arranged in groups following the general 
classification adopted by this office, which is as follows: 


TaBLE 2.—General classification of rocks. 


Class. Type. Family. 


Granite. 


Ee Toneous s,s cideescs 


II. Sedimentary..... 


. Extrusive (voleanic).. | 


+ Calcareous) +. seseaseee {5 


a. 
I. 


. Intrusive (plutonic). .|/ c. 
. Gabbro. 


le 
e 
a. 
D. 
c 


d. 


Syenite. 
Diorite. 


. Peridotite. 


Rhyolite. 
Trachyte. 


. Andesite. 


Basalt and diabase. 


. Limestone. 
. Dolomite. 
. Shale. 


Sandstone. 


a 
De SUI CCOUSS==— = =eeeee ee {b: 
c. Chert (flint). 
a. Gneiss. 
b. Schist. 
e. Amphibolite, 
III. Metamorphic... . F Slate. 


WS Roliated.</24s52 eee 


2. Nonfoliated........:.- b. Quartzite. 
ce. Eclogite. 
d. Marbie. 


Referring to Table No. 1, Nos. 1 to 7 embrace plutonic igneous 
rocks; 8 to 14, volcanic igneous rocks; 15 to 20, sedimentary rocks; 
and 21 to 35, metamorphic rocks or crystalline schists. The aver- 
age percentages of essential minerals characterizing each rock variety 
are printed in bold type and the minerals themselves placed in the 
table approximately in the order of their importance as rock-forming 
constituents.?. The relative value of these various rock types from a 
road-making standpoint may be best understood after a brief discus- 
sion of their mode of origin and mineral characteristics. Under igne- 
ous rocks (Nos. 1 to 14) are included all varieties of road material 
that have solidified from a state of liquid fusion, the structure or 
manner of mineral aggregation being influenced largely by the rate 
of cooling of the fused rock magma. Thus, intrusive or plutonic 


1 Bulletin 37, Office of Public Roads, pp. 10-11. 
2 The mineral composition of limestone, dolomite, and marble has been obtained from chemical analyses 
of about 100 samples. 
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rocks (Nos. 1 to 7), such as granite, diorite, gabbro, ete. (Pls. I, fig. 1; 
II, figs. 1, 2), having cooled slowly at great depths below the earth’s 
surface, usually possess large and well-developed mineral components, 
whereas extrusive or volcanic varieties (Nos. 8 to 14), cooling more 
rapidly upon the earth’s surface, are finer grained and frequently show 
so-called porphyritic structures owing to the development of larger 
crystals in a dense, fine-grained ground mass. (Pls. I, fig. 2; ITI, 
easy 1 2) : . 
Sedimentary rocks (Nos. 15 to 20), on the other hand, are made 
up of mineral or shell fragments that have been transported mainly 
by water and deposited in sea or lake depressions in more or less 
parallel layers and subsequently cemented together through pressure ' 
and the formation of sec- 
ondary mineral compounds. 
CEISM\ criesaat Vey stig 2)? 
Rocks of this class are usually 
distinctly bedded or strati- 
fied. Metamorphic rocks 
occupy in a measure an in- 
termediate position between 
those of igneous and sedi- 
mentary origin, and are 
either foliated or schistose 
(Nos. 21 to 28) through the 
parallel arrangement of their 
mineralconstituents (PI.VI), 
or massive and nonfoliated 
(Nos. 29 to 35) like marble 
Fig. 2.—Cross-line field illustrating method of estimating and quartzite (Pl. V, fig. 1). 
minerals in thin section. 
These structures have been 
induced by long-continued shearing and compressive forces acting 
alike on igneous and sedimentary rocks, thereby changing to a greater 


or less degree the composition and structure of the original rock masses. 


MINERAL COMPOSITION OF ROCKS FOR ROAD MAKING. 


Although the road materials tested in this office have been separated 
into 35 distinct varieties, yet it will be seen that but 12 minerals enter 
prominently into their composition. Some idea of the general 
appearance of these minerals when perfectly developed may be 
obtained from the photographs reproduced on Plate VII, yet the 
fact should be borne in mind that when present as rock-forming 
ageregates these regular crystal shapes are considerably modified 
and the minerals appear in more or less irregular forms depending 
upon the character of the rock in which they occur. (Pls. I-III.) 


PLATE J. 
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Fic. 2.—RHYOLITE. 


iGNEOUS ROCKS. 
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Fic. 2.—GABBRO. 


IGNEOUS ROCKS. 


PLATE III. 
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BASALT (TRAP). 


Aes = 


Fic. 2.—DIABASE (TRAP). 


IGNEOUS ROCKS. 
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Fic. 2.—CHERT. 


SEDIMENTARY ROCKS. 


PLATE V. 
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Fic. 1.—QUARTZITE. 


Fig. 2.—FOSSILIFEROUS LIMESTONE. 


SEDIMENTARY AND METAMORPHIC ROCKS. 
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Fic. 2.—MICcA-SCHIST. 


METAMORPHIC ROCKS. 
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FIG. 1.—QUARTZ. FIG. 2.—ORTHOCLASE. Fia@. 3.—PLAGIOCLASE. 


Fia. 4.—AUGITE. Fic. 5.—HORNBLENDE. Fig. 6.—CALCITE. 


*s 


FiG. 7.—CHLORITE. Fic. 8.—BIOTITE. Fla. 9.—MUSCOVITE. 


Fic. 10.—EPIDOTE. Fla. 11.—MAGNETITE. Fic. 12.—GARNET. 


ROCK-FORMING MINERALS. 
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Fic. 5.—SANDSTONE. Fic. 6.—SCHIST. 


SCREENINGS FROM ROAD-MAKING ROCKS. 
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Furthermore, the microscope reveals certain peculiarities which are 
not discernible with the naked eye. Thus, plagioclase feldspar 
crystals (Pl. VII, fig. 3), that appear perfectly homogeneous in the 
hand sample, are seen under the microscope to be made up usually 
of a great number of smaller individual crystals arranged in a charac- 
teristic manner, or again, certain constituents such as augite and 
hornblende (Pl. VII, figs. 4 and 5) are distinguished by microscopic 
lines of parting (cleavage) that intersect at definite angles quite 
distinct from each other. As these minerals all differ in chemical 
composition, their optical properties are also different; that is, when 
light passes through a transparent thin section of a rock under a 
microscope with properly adjusted Nicol prisms, certain minerals 
will appear in beautiful rainbow colors, while in others these inter- 
ference colors may be of a lower order and much fainter. Again not 
infrequently some components are encountered that show no optical 
reaction whatever and remain consequently dark through an entire 
revolution of the microscopic stage. These characteristic optical . 
properties greatly facilitate the identification of the various rock- 
forming constituents. 

The chemical composition of a rock magma necessarily influences 
or controls the formation of minerals within the rock. Thus cer- 
tain magmas, rich in silica and potash, embracing so-called acid 
rocks, produce on cooling light-colored granite and rhyolite (PI. I, 
figs. 1 and 2), composed chiefly of quartz, orthoclase, and mica (PI. 
VII, figs. 1, 2, 8, and 9); while other magmas having less silica and 
more iron and lime give rise to darker basic or trap rocks, such as 
diorite, gabbro, diabase, and basalt (Pls. II and II), made up chiefly 
of hornblende, plagioclase, augite, and magnetite (Pl. VII, figs. 3, 4, 
5, and 11). The mineral components of sedimentary rocks are 
dependent in composition on the character of the materials from 
which their sediments were derived, as well as upon the nature of 
the matrix cementing them. Calcareous deposits, therefore (Table 
1, Nos. 15-16), derived chiefly from shell fragments (Pl. V, fig. 2), 
consist essentially of calcite and dolomite (Pl. VII, fig. 6), with vary- 
ing amounts of quartz, kaolin, and iron oxide as impurities, while 
sandstones (Table 1, Nos. 17-20), formed from siliceous rock mate- 
rials that have withstood the abrasive effects of transportation, are 
made up mainly of quartz and kaolinized feldspar fragments cemented 
together by calcite, limonite, or silicified clay (Pl. IV, fig. 1). Chert, 
or flint (Pl. IV, fig. 2), differs somewhat from a normal sandstone in 
that 1t is composed chiefly of very finely divided quartz frequently 
associated with opaline silica that originated from minute siliceous 
shells of marine animals through a process of chemical solution and 
deposition. The minerals present in metamorphic rocks are similar to 
those of igneous and sedimentary origin with the subsequent develop- 
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ment, through metamorphic agencies, of muscovite, chlorite, epidote, 
hornblende, garnet, etc. (Pl. VII, figs. 5, 7, 9, 10, and 12). Thus it 
has been found that granite passes over into gneiss and micaceous 
schist (Pl. VI), and from the more basic gabbro, diorite, etc., are 
developed amphibolite, chlorite schist, eclogite, etc., while sandstone 
and limestone give place, respectively, to quartzite (Pl. V, fig. 1) 
and marble. 

The chief interest attached to the study of these minerals is to 
determine in what manner they affect the road-making qualities of 
rocks, and it will be, therefore, of interest to discuss somewhat in 
detail their more important physical properties. 

In Table 3 are given the essential mineral constituents of rocks 
for road making, with their general chemical composition and volu- 
metric percentages as determined from all samples thus far analyzed. 


TaBLE 3.— Mineral constituents of rocks for road making. 


Primary minerals. Secondary minerals. 
Volu- Volu- 
Name Chemical composition. ee Name. Chemical composition. ao ae 
centages. centages. 
Quantz2eaaee Silica gs i Saas CE basee 17.8 | Calcite. ..... Carbonate of lime. .....--- 26.5 
Plagioclase..-| Silicate of alumina, lime, 9.6 | Dolomite....| Carbonate oflimeand mag- 10. 4 
and soda. nesia. g 
Orthoclase...| Silicate of alumina and 8.8 | Kaolin.....-. Hydrous silicate of alumi- 4.2 
potash. na. 
AU eitel seen Silicate of lime, magnesia, 6.0 | Chlorite....- Hydrous silicate of mag- EU 
iron, and alumina. nesia, iron, and alumina. 
Hornblende. -|.--.. 0 (Oe es ee ae 3.1 | Epidote..... Hyvdrous silicate of lime, ihe 
iron, and alumina. 
Muscovite....| Hydrous silicate of alumi- 2.4 | Limonite....| Hydrated oxide of iron...-- 1.2 
na and potash. 
BiG tILe seer Hydrous silicate of alumi- 1.7 | Serpentine..| Hvdrous silicate of iron 0.1 
na, iron, magnesia, and and magnesia. 
potash. 
Rock glass ae Viariabletpees sass see aa Tey || abe Kose Bo Hydrous silicate of mag- 0.1 
nesia. 
Magnetite-....| Magnetic oxide of iron-.-. 1.2 | Zeolite. ...-.. Hyvdrous silicate of alumi- 0.1 
na, lime, and soda. 
Garnet.----+- Silicate of alumina, iron, OFZ BO paleees seer Hydrated silica.....------ 0.1 
and lime. 


It will be noted that these constituents have been divided into two 
groups—primary minerals, or such that constitute the original com- 
ponents of igneous rocks and form the essential part of metamorphic 
schists, and secondary minerals that have been derived from the for- 
mer through subsequent processes of alteration. 

In the case of certain volcanic rock magmas (basalt, rhyolite, ande- 
site), where the rate of cooling has been very rapid, a glass base (rock 
glass) is frequently left after crystallization has ceased. This glass 
is extremely brittle and when present in appreciable quantities has a 
tendency to lower the indicated wearing properties of the rock. 
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Quartz (Pl. VII, fig. 1) is without doubt the most widely distrib- 
uted mineral in the earth’s crust and is found in greater or less abund- 
ance in all kinds of road materials excepting the more basic types of 
unaltered igneous rocks (traps) and certain varieties of basic crystal- 
line schists (amphibolites, eclogites). It has a specific gravity of 2.66 
and is extremely hard, standing No. 7 in the Mohs scale of hardness. 
It is characterized in the rock sample by irregular, rounded shape, 
without parting planes (cleavage), and breaks readily into splintery 
elass-like fragments. Quartz sometimes appears as a secondary min- 
eral in finely crystalline aggregates (chalcedony), often associated 
with opal or hydrated silica. It will be shown later on that where 
quartz is present in large quantities, especially when firmly consoli- 
dated, as in the case of fine-grained igneous and massive metamorphic 
rocks, the resulting material is extremely hard and offers great resist- 
ance to wear. 

Orthoclase (microcline) and Plaqioclase feldspars (Pl. VII, figs. 2 
and 3) are among the principal ingredients of igneous and metamor- 
phic rocks and certain types of sandstones. They vary in specific 
gravity from 2.54 to 2.76, according to composition, and in hardness 
from 6 to 6.5. (Mohs scale.) These minerals occur as rock constitu- 
ents frequently in well-defined, tabular-formed or lath-shaped crys- 
tals characterized by perfect cleavage along planes at, or approaching, 
right angles to each other. Because of this cleavage, many coarse- 
grained feldspathic rocks break down readily under impact into frag- 
ments having very characteristic cubical shapes. When present, 
however, in fine-grained aggregates closely intergrown with quartz, 
augite, or other minerals, the effect of cleavage is not apparent 
and the resulting rocks are extremely hard and tough. 

Augite and Hornblende (Pl. VII, figs. 4 and 5) form the chief iron- 
bearing or dark silicate constituents of basic igneous rocks (traps) 
and the crystalline schists derived from them. They have a hard- 
ness of 5 to 6.5,? specific gravity of 2.93 to 3.71, and occur usually in 
more or less elongated, prismatic shapes, with well-defined cleavage 
parallel to the prism planes. Owing to their peculiar form, these 
crystals interlock very compactly with adjoining minerals, especially 
lath-shaped, plagioclase feldspar, thereby developing the most dura- 
ble types of road material (traps). 

Biotite (black mica) and Muscovite (white mica) are at home chiefly 
in granitic rocks and in micaceous schists and gneisses. Their spe- 


9 


cific gravity varies from 2.7 to 3.2, with hardness of from 2 to 3.? 


1 This scale as described in Merrill’s Rocks, Rock-weathering and Soils, p. 12, is based upon the relative 
hardness of the following minerals arranged in ascending order: (1) Tale, (2) gypsum, (3) calcite, (4) fluorite, 
(5) apatite, (6) orthoclase, (7) quartz, (8) topaz, (9) corundum, and (10) diamond. 

2 Mohs scale. 
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Common mica is readily recognized in the hand sample by a thin 
plate-like crystal form, frequently with hexagonal outline (Pl. VII, 
figs. 8 and 9) and more especially by a perfect basal cleavage which 
causes the crystals to part readily into thin elastic flakes. The foli- 
ation characterizing many types of metamorphic rocks is caused 
largely by the parallel arrangement of mica laminz, which is also 
largely responsible for the poor wearing properties of this material. 

Magnetite and Garnet (Pl. VII, figs. 11 and 12) are found as essen- 
tial constituents in but two types of road material (peridotite and 
eclogite). They occur in well-defined crystal form without cleavage 
and are extremely heavy (specific gravity 5.18-3.15), and hard 
(5.5-7.5') and in some cases materially increase the wearing properties 
of the rock. (See Table 7, No. 13.) 

Besides the above-mentioned primary minerals others are found 
widely distributed in various kinds of road materials, but generally 
in such small quantities as not to affect appreciably the physical char- 
acter of the rocks. Among these accessory constituents may be men- 
tioned hypersthene, olivine, titanite, apatite, zircon, and pyrite. 


SECONDARY MINERALS. 


| Under secondary minerals will be considered only the ‘more 
- important products of rock decay brought about mainly by the 
chemical action of water and carbonic acid on primary rock con-_ 
stitutents. 

Calcite and Dolomite (Pl. VII, fig. 6) are the chief constitutents of 
limestones and dolomites and so far as they have formed upon the 
first consolidation of this material might consistently be classed as 
primary. In all other rock types these carbonates are distinctly 
of secondary origin and formed by the chemical combination of 
carbonic acid with lime and magnesia derived either directly from 
the disintegration of primary constitutents or introduced later from 
extraneous sources. These minerals have approximately the same 
physical properties and can not be separated microscopically, but 
may be readily distinguished by their different behavior toward 
cold dilute acids; calcite being readily dissolved with vigorous 
ebullition of carbonic acid gas, while dolomite is very slowly acted 
on with barely perceptible effervescence. Calcite and dolomite are 
soft minerals (hardness 3-3.51), of moderate specific gravity (2.6— 
2.9), and occur always in a crystalline condition. The crystals are 
characterized by perfect cleavage in three directions corresponding 
with the planes of a rhombohedron and for this reason calcareous 
rocks as a rule break down readily into fine crystalline powders. 

Kaolin is a very common product of rock decay, especially in 
temperate climates, and is derived to a large extent from orthoclase 


1 Mohs scale. 


PHYSICAL PROPERTIES OF ROAD MATERIALS, 9 


feldspar (Pl. VII, fig. 2) through a process of hydration and dissolu- 
tion by which all of the potash and two-thirds of the silica present 
in the feldspar may be removed. Under somewhat different condi- 
tions of weathering secondary white mica (sericite) will result in 
place of kaolin, whereby the same amount of silica but only one- 
third of the potash originally present in the orthoclase are lost.' As 
the final product of feldspathic rock decay, kaolin is found, usually 
in large quantities, in clays and similar residual deposits.? Kaolin 
occurs either in well-defined, small crystal plates (kaolinite) resem- 
ling muscovite (Pl. VII, fig. 9), in physical properties (hardness 
2-2.5,? specific gravity 2.6—2.63), or in the form of minute, amorphous 
erains of very indefinite composition, often associated with iron 
oxide and opaline silica. In this condition kaolin acts as a colloid 
and influences very greatly the plasticity and cementing value of 
rock powders by increasing in volume, and becoming glue-like 
when wet and binding the mineral particles firmly together when dry. 

Chlorite and FEpidote (Pl. VII, figs. 7 and 10) are frequently 
associated as alteration products of augite, hornblende, dark mica 
(biotite), and plagioclase, and are consequently most abundant 
in trap rocks or in darker varieties of crystalline schists (Table 1, 
Nos. 12, 14, and 26). The process of alteration is similar to that 
already stated regarding kaolin and the products themselves are in 
many cases not unlike this mineral in physical properties. Chlorite 
is a soft green mineral found either in the form of well-developed, 
thin plates and folia resembling mica, or as very fine scales and fibers 
of indefinite composition (viridite) frequently accompanied by 
amorphous silica, calcite, and iron oxide. In the latter development, 
chlorite bears a close resemblance to kaolin in its effects on the 
cementing properties of road materials. 

Epidote in contrast to chlorite, occurs as granular or prismatic 
crystal aggregates, derived chiefly from plagioclase feldspar when 
accompanied by iron-bearing compounds. It is a hard (6-7 ), tough 
mineral with high specific gravity (3.25-3.5), yellowish green color 
and, when present in appreciable quantities, apparently increases 
the wearing qualities of rocks. 

Other secondary minerals.—Among other products of rock decay 
may be mentioned limonite, serpentine, talc, opal, and zeolitic com- 
pounds. These minerals are, with the exception of the harder 
crystalline zeolites (chabazite and natrolite), very indefinite in 
crystal form or entirely amorphous (opal and limonite), and are not 
readily separated by means of the microscope. 

1H. Rosenbusch, Elemente der Gesteinslehre, 3d edition, p. 79. 
2H. Niklas: Die Kolloidchemie und ihre Bedeutung fur Bodenkunde, Geologie und Mineralogie. Inter. 


Mittl. fiir Bodenkunde, Vol. III, 1913, p. 395. 
3 Mohs scale. 
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From what has been said it is apparent that many kinds of minerals 
associated in different ways enter into the composition of rocks for 
road building. It will now be of interest to discuss briefly the 
physical properties of the rocks themselves before taking up more 
specifically the relationship between these properties and the mineral 
composition and structure of road materials. 

The physical properties selected for this investigation are expressed 
upon determination by laboratory tests, as follows: (1) Per cent of 
wear or loss by abrasion, (2) hardness, (3) toughness, (4) cement- 
ing value, and (5) specific gravity. 

Per cent of wear represents the amount of material under 0.16 
cm. in diameter lost by abrasion from a quantity of rock fragments as 
nearly uniform in size as possible and weighing within 10 grams of 5 
kilograms. This carefully weighed sample which should contain about 
50 pieces of rock is tested in a Deval type of abrasion machine con- 
sisting of a cast-iron cylinder, 34 cm. deep by 20 cm. in diameter, 
closed at one end and having a tight-fitting cover at the other. The 
cylinder is attached to a horizontal shaft so that the axis is inclined 
at an angle of 30° with that of the shaft and revolved for 5 hours at 
the rate of 2,000 revolutions per hour, during which the rock frag- 
ments are thrown from one end of the cylinder to the other twice in 
each revolution. This abraded material is then thoroughly dried 
and screened through a 7g-inch mesh sieve and from the amount 
lost the per cent of wear is determined. This loss may be also 
expressed by the French coefficient given below: 


2074: 4 
Coefficient of wear = 20 X = = = = per ee wear 


where W is the weight in grams of the abraded material under 0.16 
cm. (345 inch) in diameter per kilogram of rock used. 

Hardness is the resistance which a material offers to the displace- 
ment of its particles by friction and the test is made on a cylindrical 
rock core, 25 millimeters in diameter. The test piece is held perpen- 
dicularly under a constant pressure of 1,250 grams, against a revolvy- 
ing cast-steel disk, while standard quartz sand, between 30 and 40 
mesh, is used as the abrasion agent. From the average loss in weight 
computed from two runs, the coefficient of hardness is obtained by 
deducting one-third of this loss, expressed in grams per 1,000 revo- 
lutions, from an arbitrary constant (20). 

Toughness, as here understood, is the resistance a material offers 
to fracture by impact. The test piece is a cylindrical rock core 25 
millimeters high by 25 millimeters in diameter, and the test is made 


1 Bulletin 347, U. S. Dept. Agriculture, p. 6. 
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with an impact machine constructed on the principle of a pile driver. 
The blow is delivered by a hammer weighing 2 kilograms, raised by a 
sprocket chain and released automatically by a concentric electro- 
magnet to fall on an armor-piercing steel plunger with spherical 
lower end which is in contact with the upper surface of the test piece. 
The test consists of a 1 centimeter fall of the hammer for the first 
blow and an increased fall of 1 centimeter for each successive blow 
until failure of the test piece occurs. The number of blows required 
to cause rupture represents the toughness. / 

The cementing value is the property possessed by a rock dust to 
cement or bind together the coarser rock fragments, and the test is 
carried out as follows: One-half kilogram of rock is broken sufficiently 
small to pass a half-inch-mesh screen and is then moistened with 90 
cubic centimeters of water and placed in a cast-iron ball mill, contain- 
ing two cast-steel shot, 5 inches in diameter and weighing about 20 
pounds each. The sample is ground for 24 hours at the rate of 2,000 
revolutions per hour or until the material has been reduced to a thick 
dough, the particles of which are not above 0.25 millimeter in diame- 
ter. The dough is then removed and molded into cylindrical bri- 
quettes 25 millimeters in diameter and 25 millimeters high, in a 
hydraulic briquette-forming machine, so adjusted as to give a maxi- 
mum momentary pressure of 132 kilos per square centimeter on the 
compressed material. Five briquettes are made from each test 
sample which, after being thoroughly dried at 200° F. and cooled in 
a desiccator, are broken by an especially designed impact machine 
having a 1-kilogram pendulum hammer with an effective drop of 
1 centimeter. The average number of blows required to destroy the 
bond of cementation in five briquettes determines the cementing 
value of the rock sample. 

Specific gravity is the weight of the material compared with that 
of an equal volume of water, and is obtained by dividing the weight 
in air of a rock fragment by the difference between its weight in air 
and water. The weight per cubic foot of rock is found by multiplying 
the specific gravity by 62.37 pounds, the weight of a cubic foot of 
water. 


GENERAL RELATION BETWEEN THE PHYSICAL PROPERTIES OF ROCKS 
AND THEIR MINERAL COMPOSITION AND STRUCTURE. 


The general relation of rocks as expressed by average mineral 
composition and physical properties may be seen from the results of 
the tests and analyses given in Table 1. In the first place it will be 
noticed that igneous rocks as a class (Nos. 1-14), owing to their more 
uniform structure and preponderance of hard silicate components, 
have better indicated wearing properties than either sedimentary 
rocks or crystalline schists. As previously stated, these igneous rocks. 
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have been separated into plutonic (Nos. 1-7) and voleanic varieties 
(8-14). The former, embracing rocks of granitic character, are in 
general less tough and have indicated wearing properties inferior to 
their finer-grained, volcanic equivalents. This may be ascribed 
directly to their coarser grain and to the marked effect of feldspathic 
cleavage (see p.7). It will be observed, furthermore, that among the 
plutonic rocks those varieties unusually rich in mica (No. 2) and sec- 
ondary serpentine (No. 7) have exceptionally low indicated wearing 
properties, whereas samples containig hornblende and augite in 
appreciable quantities are relatively tougher and in general offer 
greater resistance to abrasion (Nos. 3-6). In regard to the cementing 
value of plutonic rocks it will be seen that the quartzose varieties 
(Nos. 1, 2, 3, and 5) are lower than types in which quartz is absent, 
or present only in subordinate quantities (Nos. 4, 6, and 7). 

The high toughness and excellent indicated wearing properties of 
voleanic rocks is in accordance with their fine grain and close inter- 
locking mineral structure. The results of the tests indicate that 
siliceous varieties (No. 8) are on the whole harder though less tough 
than the more basic rocks to which trap belongs (Nos. 9-14). It 
will be observed, also, that samples rich in glass (Nos. 10, 11, and 12) 
are lower in hardness and toughness than their corresponding wholly 
crystalline varieties (Nos. 13 and 14). The latter are, furthermore, 
characterized in general by a peculiar intergrowth of plagioclase and 
augite (ophitic structure) which indicates greatly increased durability. 
(PI. III). The average cementing values of fresh trap varieties (Nos. 
11 and 13) are much below the corresponding varieties that have 
undergone alteration (Nos. 12 and 14), although superior to the latter 
in other respects. 

Considering briefly the group of sedimentary rocks (Nos. 15-20) 
it will be noted that they are characterized in general by a lower 
toughness and hardness and higher per cent of wear, owing to the 
presence of soft, readily cleavable calcite and dolomite, as well as to 
a more open texture resulting in the case of the sandstones from 
incomplete cementation. (See p. 4.) 

Metamorphic rocks have been divided into foliated (Nos. 21-28) and 
nonfoliated or massive varieties (Nos. 29-35). The former, owing 
to the peculiar parallel arrangement of their mineral constituents or 
schistose structure (Pl. VI) are comparatively low in toughness and 
indicated wearing properties except when hornblende is present in 
appreciable quantities (Nos. 27 and 28). Nonfoliated varieties, on 
the other hand, representing the direct result of compact crystalliza- 
tion without shearing of quartz, and hard silicates such as horn- 
blende, augite, epidote, and garnet, are exceptionally hard and tough 
but usually deficient in cementing properties (Nos. 30-34). 


PHYSICAL PROPERTIES OF ROAD MATERIALS, 13) 


The before-mentioned differences in physical properties of rocks for 
road making find expression also in the shapes of their smaller frag- 
ments as shown in Plate VIII. 

It will be observed that the screenings from coarse-grained plutonic 
rocks after removal of the fine dust (figs. 1 and 3) are more rectangular 
in shape than those from finer-grained volcanics of similar composi- 
tion which appear splintery and wedge-shaped (figs. 2 and 4). These 
characteristic shapes may be ascribed, as previously indicated, to the 
cubical cleavage of coarse, granular feldspar in the plutonic rocks and 
to the denser structures developed in the finer-grained rock types. 
The peculiar rounded shape of more loosely textured sandstones and 
the flat, lath-like appearance of fragments from schistose rocks (figs. 
5 and 6) are noteworthy and may be associated directly with the 
mode of origin and mineral composition of this material. (See pp. 4-6.) 

Regarding the binding effect of these rock types on the road it can 
be stated in general that the tough wedge-shaped fragments from 
fine-grained igneous rocks are inclined to produce a firmer and more 
permanent bond with the coarser road stones when properly com- 
pacted than is obtained with the more cubical or rounded screenings 
from granite and sandstone or with the lath-shaped schists and 
eneisses. This interlocking of the coarser rock fragments under 
the roller may be termed the mechanical bond of the road surface as 
distinguished from the cementing bond or binding effect produced 
by the finer rock dust when sufficiently moistened and compressed. 
In discussing the mineral composition of road materials this cementing 
property has been attributed largely to the peculiar quality of certain 
amorphous compounds closely related to kaolin and chlorite in 
composition. It will now be of interest to compare varying propor- 
tions of these compounds as well as other secondary minerals found 
in the more common rock types and note their effect on the cement- 
ing value and other physical properties of the rocks. 


THE EFFECT OF SECONDARY MINERALS ON THE PHYSICAL PROPERTIES 
OF ROCKS FOR ROAD BUILDING. 


The majority of rocks used for road building have been obtained 
from near the earth’s surface or within the zone of atmospheric 
weathering,’ and the extent of alteration varies greatly, depending 
upon composition, rock structure, and character and time of opera- 
tion of the agencies involved. The resulting minerals are also 
manifold, being either softer products of hydration and oxidation, 
such as kaolin, chlorite, limonite, calcite, and opaline silica, or the 
harder silicates, epidote and. zeolite, accompanied in some cases by 
secondary hornblende (actinolite) and quartz resulting from deeper- 


1G. P. Merrill, Rocks, Rock-Weathering and Soils, 1°06, p. 152. 
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seated processes of alteration. The effect of these secondary com- 
pounds is best demonstrated by arranging the various members of 
each rock class, so far as possible, into groups having approximately 
the same average proportions of alteration products. 


IGNEOUS ROCKS. 


In view of the great structural differences shown in rocks of this 
class it will be found of advantage to discuss separately the coarse- 
grained plutonic and fine-grained volcanic varieties. In Table 4 
the average mineral composition and physical properties of plutonic 
rocks are given, arranged so far as possible in family groups having 
approximately like percentages of secondary constituents. These 
groups indicate an average of all samples having less than 5 per cent, 
from 5 to 10 per cent, and more than 10 per cent secondary minerals. 

It will be observed in general that for a given family the toughness 
and hardness of these rocks tend to increase and the per cent of wear 
tends to decrease with additional amounts of secondary minerals, 
excepting in the case of very soft, highly kaolinized gabbro and serpen- 
tinized peridotite (Nos. 11 and 12). This improvement is less notice- 
able in granitic rocks (Nos. 1, 2, and 3) than in more basic varieties 
(Nos. 4-10) and may be attributed to the partial replacement of 
_ plagioclase feldspar by hard granular epidote (Nos. 3 and 5), accom- 

- panied in some cases by zeolites (No. 8) or actinolitic hornblende 
(No. 10)! The influence of secondary constituents is more apparent 
in regard to cementing value than to other properties. Thus it will 
be noted that altered varieties have a higher binding value than 
fresher samples and that the crease is roughly proportional to that 
of the secondary minerals. This increase, moreover, varies greatly in 
different rock types, reaching a maximum of 9 in the case of granites 
(Nos. 1-3), 31 in diorites (Nos. 6-8), 87 in gabbros (Nos. 9-11), and 
92 in syenites (Nos. 4 and 5). It will be observed, furthermore, 
that the cementing value of siliceous varieties are in inverse relation 
to their quartz content. That is to say, granites, diorites, and sye- 
nites with averages of 28, 8, and 4 per cent quartz, respectively, have 
corresponding cementing values of 20, 34, and 90, indicating that the 
binding properties of coarse-grained rocks may be largely influenced 
by the physical character of the primary mineral components. 

The effect of secondary minerals on the physical properties is more 
clearly demonstrated in the following group of volcanic rocks. This 
group embraces all fine-grained varieties of igneous rocks that, as 
shown in Table 5, are especially adapted to road building. The rocks 
have been arranged in families containing approximately like propor- 
tions of secondary minerals, obtained in the case of rhyolite and 


1 Office of Public Roads Bul. 37, p. 18. 
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PHYSICAL PROPERTIES OF ROAD MATERIALS, 1 Hy 


andesite by averaging the analyses of fresh and altered varieties; and 
in the case of basalt and diabase, by averaging samples containing 
less than 1 per cent, from 1 to 5 per cent, from 5 to 10 per cent, from 
10 to 20 per cent, from 20 to 30 per cent, and all above 30 per cent, of 
secondary minerals. 

It will be observed in the first place that, in contrast to coarser- 
erained plutonic rocks the toughness and hardness of unaltered vol- 
canics (Nos. 1, 6, and 12) are as a rule superior to those that have 
suffered from the effects of weathering. Exceptions will be noted, 
however, in the case of unaltered vitreous andesites (No. 4), which 
are low in toughness and indicated wearing properties on account of 
excessive glass content, and in that of certain highly altered varie- 
ties of trachyte, andesite, basalt, and diabase (Nos. 3, 5, 10, 11, and 
17), which owe their relative high toughness and good indicated 
wearing properties to the development of hard secondary epidotes 
and zeolitic compounds combined with but little glass. The cement- 
ing values of volcanic rocks increase up to a certain pomt quite 
uniformly with increased proportions of alteration products, reach- 
ing a Maximum in quartz-free rocks (Nos. 5,11, and 17). Expressed 
numerically, this mcrease is 126 for rhyolite and 241 for andesite 
with equal percentages of secondary minerals (21.6 per cent), while 
basalt and diabase having about 50 per cent alteration compounds 
show a maximum increase of 201 and 129, respectively. 

Comparing these results with the foregoing, it is apparent that the 
cementing property of volcanic rocks is on the whole superior to 
that of plutonic rocks having equal amounts of secondary minerals, 
and, furthermore, that this property is here less influenced by pri- 
mary mineral composition—quartzose rhyolites binding almost as 
well as basalts (Nos. 1, 2, 6, and 10)—but is effected chiefly by dif- 
ferences in secondary compounds. ‘This will be made clear by noting 
the average cementing values for basalt and diabase, which increase 
quite uniformly with the rate of decomposition where softer colloi- 
dal compounds, such as kaolin and chlorite prevail (Nos. 6-9 and 
12-16). Beyond this point the presence of harder, more highly 
crystalline products of alteration (epidote, zeolite), indicating a 
less colloidal condition of the other secondary minerals, lowers the 
rate of increase (Nos. 11 and 17) or causes a falling off in binding 


properties (No. 10). 
SEDIMENTARY ROCKS. 


In discussing the origin of rocks it has been stated that road ma- 
terials belonging to this class (limestones and sandstones) are formed 
chiefly by the cementing together of shell and mineral fragments or 
by chemical precipitation of amorphous silica (chert). While the 
mineral constituents of sandstones and cherts have been determined 
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PHYSICAL PROPERTIES OF ROAD MATERIALS, 19 


microscopically, it was found necessary to subject limestones and 
dolomites to chemical analysis by means of which quartz, kaolin, 
and limonite could be separated quantitatively from the carbonate 
minerals. The results of the physical tests and mineral analysis of 
sedimentary rocks are given in Table 6. It will be seen that lime- 
stones and dolomites have been separated into groups having about 
equal quantities of quartz and secondary constituents, while sand- 
stones have been divided into families representing averages of 
samples containing from 1 to 5 per cent, from 5 to 10 per cent, 
from 10 to 20 per cent, from 20 to 30 per cent, from 30 to 40 per 
cent, and above 40 per cent, of secondary minerals. 

Comparing these results it will be observed in the first place that 
the average toughness and indicated wearing properties of calcareous 
rocks (Nos. 1-4) are as a rule inferior to sandstones (Nos. 5-10) 
while their cementing values are about the same. The exception- 
ally high percentage of wear found for chert (No. 11) may be explained 
by the fractured condition of this material caused by contraction on 
consolidation of the colloidal silica. + | 

It will be noticed, furthermore, that varieties of limestone and 
dolomite containing an appreciable amount of quartz with some 
kaolin or clay (Nos. 2 and 4) are tougher and have lower percentages 
of wear and higher cementing values than samples deficient in these 
minerals (Nos. 1 and 3). It would appear also that limestones, owing 
to their greater solubility in water, cement better than dolomites. 

Turning to the sandstones it will be observed that their toughness 
and cementing values increase proportionately with secondary 
components up to rocks averaging about 15 per cent (No. 7) and 
that beyond this point a general falling off im hardness and toughness 
takes place while the cementing value remains practically constant 
or decreases slightly with proportionately imcreased amounts of 
calcite (Nos. 9 and 10). It should be stated, however, that not only 
the quantity and quality of cementing material present in this class 
of road material but also the fineness of grain and density of struc- 
ture influences the physical properties to a very marked degree.? 
Therefore it may be said that compact, fine-grained sandstones, 
having a moderate amount of siliceous clay cement (No. 7), produce 
harder and tougher material than rocks with deficient binder (Nos. 
5 and 6) or such containing a large excess of calcareous clay cement 


(No. 10). 


METAMORPHIC ROCKS. 


The chief result of mineral alteration by metamorphic agencies is 
the development of highly crystalline rocks having characteristic 
structures, and composed of minerals very resistant to atmospheric 
weathermg. For this reason the various types of foliated (Nos. 1-8) 


1 Office of Public Roads, Bul. 37, p. 27. 
2J. Hirschwald. Handbuch der bautechnischen Gesteinspruefung, 1912, pp. 360-484. 
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PHYSICAL PROPERTIES OF ROAD MATERIALS, 21 


and nonfoliated (Nos. 9-15) metamorphic rocks, given in Table 7 
contain relatively low percentages of secondary minerals, and have 
not been further subdivided, with reference to these, except in the 
case of quartzites. 

In comparing these rocks it will be noted that the foliated types, with 
the exception of more compact hornblendic varieties (Nos. 7 and 8), 
are lower in hardness, toughness, and indicated wearing properties 
than nonfoliated types excepting the highly micaceous slates (No. 9) 
and crystalline marbles (No. 15). It will be observed, furthermore, 
that the cementing value of metamorphic rocks is relatively low in 
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Fig. 3.—Effects of alteration products on cementing properties of rock powders. 


accordance with low percentages of kaolin and secondary chlorite, 
reaching a maximum of 49 in amphibolite and 56 in slate (Nos. 8 and 
9), with 13.5 per cent and 9.3 per cent, respectively, of secondary 
minerals, and a minimum of 17 in quartzites having each about 1.5 
per cent decomposition products (Nos. 10 and 12). The very slight 
effect of even appreciable quantities of secondary minerals (No. 11) 
on the cementing properties of these highly quartzose rocks is similar 
to that found im acid granite (see p. 16), and may be attributed in 
both cases to the physical character of the quartz fragments com- 
bined with insufficient colloidal material. It will be of interest in 
this connection to compare these altered quartzites (No. 11), having 
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an average cementing value of 24, with decomposed sandstones 
showing an average binding value of 73 (Table 6, No. 7), and to note 
that the secondary products of the latter rocks consist almost 
entirely of colloids in the form of ferruginous clay (kaolin and limo- 
nite), while in the former crystalline epidote and chlorite are present 
in proportionately greater amounts. 

The effects of alteration products on cementing oroentia: of rock 

powders are shown in figure 3, where varying percentages of secondary 
minerals in rocks and Sis have been plotted against their respec- 
tive cementing values. The great difference in binding properties 
between quartzose plutonic rocks (granite and diorite) and quartz- 
free types of the same class (syenite and gabbro), as well as between 
plutonic and volcanic rocks of similar composition, is clearly demon- 
strated. It will be observed also that where more complete curves 
could be drawn, as in the case of basalt, diabase, and sandstone, a 
critical point is reached at about 14 per cent of secondary minerals up 
to which the rate of increase in cementing value is almost directly pro- 
portional to that of these minerals, but beyond this pomt a marked 
deflection or break in the curves occurs in accordance with decreased 
cementing values resulting from largely increased proportions of 
_ highly crystalline products of alteration (epidote, zeolites, and cal- 
cite). The curve representing gravels from which the secondary 
~minerals or clay content have been obtained by sifting through a 
200-mesh screen and washing, indicates a relatively high cementing 
value up to samples containing 2 per cent clay, and shows that 
beyond this the relative increase corresponds in general to that of 
sandstone, reaching a maximum of 120 in samples having an average 
of 16.8 per cent of clay. 

The property to slake in water is also common to many rock types, 
and as shown in Table 8 is largely dependent upon the, physical 
character of the rock-forming constituents. The tests have been 
made by placing thoroughly desiccated briquettes of rock powders 
in water and noting the time required for their complete disintegra- 
tion. Briquettes remaining intact for 24 hours in water are con- 
sidered nonslaking. 

It will be observed that the samples tested have been separated 
into acid and basic crystalline rocks (Nos. 1-4) and siliceous sedi- 
mentary rocks (Nos. 5 and 6), and the average mineral composition, 
time of slake, and cementing value given in each case. In comparing 
the results it will be noted that the nonslaking acid rocks (No. 1), 
while somewhat richer in secondary minerals, especially chlorite and 
epidote, contain a large excess of primary hornblende and consider- 
ably less quartz and mica than the slaking varieties (No. 2), while 
their cementing values are about the same. Nonslaking basic and 
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sedimentary rocks (Nos. 3 and 5), on the other hand, are distinguished 
from those that break down readily under water (Nos. 4 and 6) by a 
much lower percentage of colloidal secondary products (kaolin and 
chlorite) and by a corresponding decrease in cementing properties. 
From what has been said it is evident that basic crystalline and sedi- 
mentary rock powders with high cementing values and abundant 
secondary compounds have a marked tendency to slake, especially 
where the latter products are essentially colloidal in character, 
whereas the slaking property of acid crystalline rocks is influenced 
mainly by the relative abundance of primary quartz and mica and 
bears no very definite relation to secondary mineral composition and 
cementing properties. 


SUMMARY AND CONCLUSION. 


In the preceding pages a microscopic method of rock analysis by 
means of a crossline grating has been reviewed and the average 
mineral composition and physical properties of all rocks analyzed 
and tested in this office up to January 1, 1914, have been presented 
in tabular form. This material has been classified according to com- 
position and structure and the rock-forming constituents have becn 
discussed under the groups of primary and secondary minerals with 
a view to explaining their essential physical characteristics. The 
_ physical properties of rocks for road making and the method of testing 
this material have also been given and the results obtained used to 
show, first, in a general way, the relation between these properties 
and the mineral composition and structure of rocks; and secondly, to 
point out more specifically the effects of secondary compounds upon 
them. It has been found that igneous and nonfoliated metamorphic 
rocks owing to a preponderance of firmly united silicate minerals 
combined with uniformity in structure, offer a greater resistance to 
abrasion than other rock types, coarse-grained varieties being less 
tough and having inferior indicated wearing properties to those of 
finer grain in which the mineral components are more closely inter- 
erown. Excessive quantities of glass in volcanic lavas and high | 
percentages of readily cleavable mica and feldspar in plutonic rocks 
lower their toughness and indicated resistance to wear; on the other 
hand, appreciable quantities cf hornblende and augite have an 
opposite effect. Foliated schists and gneisses parting readily along 
planes of schistosity are low in toughness while sandstones and lime- 
stones owe their inferior indicated resistance to wear either to incom- 
plete consolidation or to a preponderance of softer carbonate minerals 
and clay. 
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It has been demonstrated, furthermore, that the shape and physical 
character of the smaller rock fragments used in road making are 
largely dependent upon structure and mineral composition, coarse- 
grained feldspathic rocks breaking down readily into rectangular 
fragments owing to feldspar cleavage, whereas the finer-grained trap 
screenings are more wedge-shaped and tougher. The chips broken 
from loosely compacted sandstones and schists are rounded in shape, 
approaching somewhat the outline of abraded quartz grains, or they 
appear flat and lath-shaped in accordance with the foliated structure 
of the latter rocks. The effect of weathering on the physical prop- 
erties of rocks is clearly shown and varies with the structural char- 
acter and composition of the rock and the physical properties and 
relative abundance of alteration products. Thus the indicated wear- 
ing properties of igneous and metamorphic rocks are, in general, 
benefited by hard secondary epidote, zeolite, and hornblende, while 
an abundance of softer alteration products such as chlorite, serpentine, 
and kaolin lowers the indicated resistance to wear. 

In sedimentary limestones and dolomites it has been found that 
quartz accompanied by a little kaolin has greatly increased their 
toughness and resistance to abrasion, whereas compact sandstones 
having about 15 per cent of secondary constituents are among the 
most resistant of sedimentary rocks. The effects of weathering have 
been found most pronounced in regard to the cementing property of 
road materials, which is seen to vary directly, but not in the same 
ratio, with the amount of soft secondary minerals, in part amorphous. 
Where these materials are replaced, even to a limited extent, by 
harder, more crystalline products of alteration the binding properties 
are proportionately lowered. These relations have been plotted in 
curves for the common crystalline rock types and gravels. 

Finally, the slaking properties of rock powders have been investi- 
gated with the result that acid crystalline rocks are found to slake 
rapidly excepting samples that contami relatively low average per- 
centages of mica and quartz and abundant hornblende and epidote, 
while the slaking qualities of basic igneous rocks and sandstones are 
dependent mainly on the relative abundance of colloidal products of 
rock weathering, such as kaolin, limonite, and chlorite. 

The results obtained from the present investigations indicate the 
following: 

(1) Igneous and nonfoliated metamorphic rocks, owing to a pre- 
ponderance of hard silicate minerals combined with greater uniformity 
in structure, are more durable than other road-making materials, 
finer-grained varieties offermg greater resistance to abrasion than 
coarse-grained types. 
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(2) The resistance to wear of igneous and metamorphic rocks, con- 
taining an abundance of quartz, hornblende, augite, epidote, and 
garnet, is greater than that of similar rocks rich in mica, chlorite, 
serpentine, and calcite. 

(3) Foliated metamorphic rocks, owing to the parallel arrangement 
of their mineral constituents, are, as a rule, deficient in toughness, and — 
therefore not well adapted to road construction. 

(4) Sedimentary rocks are usually deficient in wearing prop- 
erties, except in the case of highly indurated sandstones, containing 
a moderate amount of siliceous clay, cement, and limestones or dolo- 
mites rich in quartz and having very little clay. 

(5) Rocks for road making break down under impact into frag- 
ments, the shape and physical character of which are conditioned by 
mineral composition and structure. 

(6) The effect of weathering is generally to lower the resistance to 
wear of road materials, owing to the development of soft, in part 
colloidal, products of alteration. Where the secondary minerals are 
harder and more crystalline the wearing properties of the rocks are 
proportionately increased. 

(7) The cementing value of road materials is conditioned chiefly by 
the colloidal products of rock decay and increases in a general way 
proportionately with these products, reaching a maximum in rocks 
free from quartz. 

(8) The slaking property of rock powders is dependent in the case of 
siliceous igneous and metamorphic rocks chiefly on the physical char- 
acter of the primary mineral components, whereas in basic igneous 
rocks and sandstones it is caused to a large degree by colloidal prod- 
ucts of rock decomposition. 
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ORIGIN AND GROWTH OF THE INDUSTRY. 


With the exception of very limited quantities produced in Ari- 
zona, Utah, and New Mexico, all the raisins grown in the United 
States are produced in California. 

The first introduction of raisin varieties into California was by 
Col. Agostin Haraszthy. In 1851 he grew muscatels from the seed 
of imported raisins. On March 25, 1851, he imported the Alexandria 
(Muscat of Alexandria) and in 1861 the Gordo Blanco (muscatel) 
and Sultana from Spain and the White Corinth and Red Corinth 
from the Crimea. Another importation of Muscat of Alexandria 
was made by A. Delmas in 1855 and planted near San Jose, Cal. The 
first raisins appear to have been produced in the San Bernardino 
Valley, but the industry soon spread northward. G. G. Briggs, of 
Davisville, imported muscatel grapes from Spain, while R. G. 
Blowers, of Woodland, Cal., started a raisin vineyard of Gordo 
Blanco (muscatel) in 1863 with cuttings received from Col. Har- 
aszthy. The Briggs and Blowers vineyards were the first in the 

1 This bulletin has been prepared for the purpose of answering questions relative to the 
raisin industry of the United States. ‘The pruning, training, cultural methods, and varie- 


ties suitable for raisin purposes, as well as the methods of harvesting and drying the 
grapes and the curing and processing of the raisins, are described. 
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State to successfully produce raisins. This was in 1867, but it was 
not until 1873 that their raisin crops became an important factor in 
the market, when they amounted to nearly 6,000 boxes. In 1873 
Judge J. W. North planted the first Alexandria (Muscat of) grapes 
at Riverside, and three years later raisin-grape growing had become 
general. R. G. Clark planted Muscats in El Cajon Valley in 1873, 
but most of the vineyards of that district were not planted until 1884 
to 1886. In the fall of 1873, 25 acres of Alexandria were planted 
in the Eisin vineyards near Fresno, and in 1875 the McPherson 
brothers made their first plantings near McPherson. The industry 
grew so that Robert McPherson, the largest grower, became at one 
time not only the largest packer and dealer in the district but the 
largest then in the State. In 1876 W. 8S. Chapman imported material 
of the best obtainable Muscat grapes for the Central California 
Colony in Fresno County, which, however, proved to be the same as 
those planted in 1873. In 1876 and 1877 T. C. White planted the 
Raisina vineyard with Gordo Blanco (muscatel), and in 1877 and 
1878 Miss M. F. Austin planted the same variety at the Hedge Row 
vineyard. Cuttings of Sultanina were received in 1878 by W. T. 
Thompson, of Yuba City, Cal., from Elwanger & Barry, Rochester, 
N. Y., and described by them as the Lady de Coverly, from Con- 
stantinople. The so-called Feher Szagos is said to have been found 
growing in California and was christened by a Hungarian, who 
claimed to recognize the variety as one he had known in his native 
land. The Butler vineyard, which was then one of the largest, was 
planted in 1879. Col. William Forsythe began raisin growing in 
1881 or 1882. 

In 1873 the entire State of California produced 120,000 pounds of 
raisins; in 1875, 220,000 pounds; in 1880, 1,500,000 pounds; and in 
1885, 9,400,000 pounds. In 1887 Fresno County produced 7,000,000 
pounds, and raisin growing was recognized to be its leading in- 
dustry. ’ 

The figures in Table I, taken from the reports of the California 
State Board of Agriculture and the United States Department of 
Commerce, showing the California crop and the quantity and value 
of exports and imports, will prove interesting and serve to show the 
growth of the industry. As the practice has been not to produce 
more than enough raisins to supply the demand, the difference be- 
tween the crop produced and the quantity exported will show the 
consumption of home-grown raisins in this country. It is also of 
interest to note, as shown in this table, that in general as the produc- 
tion of raisins in California has increased exports have increased 
and imports have correspondingly decreased. 


. THE RAISIN INDUSTRY. 8 


Taste I.—California raisin crop compared with the quantity and value of ex- 
ports and imports of raisins in the United States. 


Exports for fiseal year | Imports for fiscal year 


California ending June 30. ending June 30. 
Year. crop a Ft 
(pounds). 
Pounds. Value. Pounds. Value. 
SVAQO NOOO eeretereteristst=|necirsiae ist 4 38, 319, 787 | $2, 661, 669 
NCUOOND | co odaacedbobeen seed 36,914, 330 | -1, 997, 103 
S000 0008 eeereeteneae piers enn 15, 921, 278 651, 420 


90, 000, 000 | 2,415,456 | $139,689 | 10,309,498} 531, 124 
87,000,000 | 7,054,824 | 372,087] 4,041,689] 273,031 
115,000,000 | 8,526,114] 417,403 | 5,042,683] 296,047 
120, 000, 000 | 18) 659, 992 | 1,069,300 | 2,479,220] 237, 422 
185, 000,000 | 19, 949, 046 | 1,351,986 | 3, 255, 861 295, 466 
130, 000, 000 | 28, 120, 507 | 1,512,642 | 2,579,705 | 241, 630 
182,000,000 | 14,766,416 | 997,575 | 4,554,549] 309, 511 
250, 000, 000 | 24,845,414 | 1,718,547 | 2,808,806 | 238,958 


About 110,000 acres are devoted to raisin growing. Of the 58 
counties in California, 11 produce raisins in commercial quantities. 
The raisin output of the State in 1914 was 182,000,000 pounds. The 
estimated quantity produced in each county is shown in Table II. 


Taste II1.—Hstimated production of raisins in California, by counties, in 1914. 


County. Crop. County. Crop. 

Pounds. Pounds. : 
IDIRSSOY Se SSeS eee 1065000! 000) I|PN4OlO meee ses see nes are eid a oe 2, 500, 000 
‘ples 8 8 SSE ae og ee ee ee SORCOOSO0O)| | MRCenneeeryes serene ree kone pe eee 1, 600, 000 
JTS 3 oa) eee ere 24,000 0007) |RColusaeeaes se seems akan jes. < cheeses $00, 000 
SiO UR ee Se oe Sah Se OR RE eee 68000;000))||MosvAm rel este se sees eee a Eee es 800, 000 
San Bernardino. . ———_-—— 
SiR IDIGRO Lu Uae ale ce 3, 200, 000 Motel: Me geMeeys teu ys eoet Se aks 182, 000, 000 
IVE Greate eee Se a ea 2, 400, 000 : 


It will be seen from this that Fresno County alone produces nearly 
60 per cent of the entire raisin output of the State. It was in 1892 
that the California raisin crop first equaled that of Spain. Cali- 
fornia now produces about three times as many raisins as Spain. 

At present the annual consumption of raisins in the United States 
is less than 14 pounds per capita. Were we to consume as much as 
Great Britain, or about 5 pounds per capita, the industry in this 
country could be quadrupled without causing overproduction. 


SOME FLUCTUATIONS IN THE INDUSTRY. 


From 1889 to 1893 an average of 5 cents a pound was realized 
by the raisin growers, and the industry was very profitable. An 
era of falling prices then began and continued until in 1897 raisins 
were quoted as low as three-fourths of a cent a pound. Many 
growers gave up in despair, and thousands of acres of vines were 


4 BULLETIN 349, U. S. DEPARTMENT OF AGRICULTURE. 


plowed up. The growers who persisted saw that to succeed they 
would have to cooperate. In 1898 the California Raisin Growers’ 
Association was founded under the direction of the late M. Theo. 
Kearney, owner of the largest raisin vineyard in California. In 
1903 prices again fell, the association was unable to sell the raisins 
it had contracted for, and many growers received no returns. As 
only 30 per cent of the estimated acreage had been signed up, all 
contracts were returned August 1, 1904, and the association went 
into the hands of a receiver. Another attempt made in 1904 to 
organize the growers resulted in the incorporation on May 6, 1905, of 
the California Raisin Growers’ Co., with M. F. Tarpey as president. 
The company was never well supported by the eroMers and dis- 
solved after nearly a year’s existence. 

On November 24, 1911, the California Raisin Exchange, planned 
by W. R. Nutting, was Berean under the California membership 
association law. Its first object was to map all the vineyards and 
orchards in the central California fruit district, and its ultimate 
aim was to maintain an open place of exchange for the sale of 
raisins and dried fruit. 

What was at first styled “The Million Dollar Co.” was legally 
organized on November 15, 1912, as “The California Associated 
Raisin Co.” by the election of 25 trustees and with $401,000 cash 
capital, subscribed by growers, which was increased to $750,000 
before April 1, 1918, and has since been increased to $1,050,000. It 
was incorporated on April 1, 1913, for $1,500,000. In 1914 6,500 
growers contracted their crops with it. 

Active effort is being made by this organization to bring raisins 
into more general use. 

On April 30, 1915, an entire carload of raisin bread was distributed 
free at the Panama-Pacific Exposition from the Pure Food and Cali- 
fornia Buildings. 

A distinguishing feature of the raisin industry is that the vine- 
yards consist mainly of individual vineyards of 10 to 50 acres each, 
although there are some which contain from 100 to several hundred 
acres, and a few from 500 to 1,000 acres or more each. It will not be 
amiss to state that a peculiar relationship has for some time existed 
in the raisin-producing section between the grapes used for raisins 
and those used for wine and brandy. For example, Alexandria, the 
lJeading raisin grape, always has a heavy second crop of grapes, which 
is practically all made into wine and brandy, the raisins being cured 
from the first-crop grapes. It is also the endeavor to cure only 
sufficient raisins to supply the demand, and the grapes not required 
for raisins are made into wines and brandies. The product of about 
110,000 acres is at present converted into raisins to meet the demand 
for about 182,000,000 pounds per annum. 
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Many changes have occurred since raisin growing became an in- 
dustry in Orange County, and Fresno has become the center of the 
industry, as the conditions there are exceptionally suited to the grow- 
ing and curing of raisins. 


RAISIN-VINEYARD SOIL. 


Raisin-vineyard soils vary considerably, the deep-gray alluvial bot- 
tom land being considered the best. In this connection the mechanical 
analysis of the soil in the department experiment vineyard near 
Fresno, made by the Bureau of Soils, and shown in Table ITI, will 
prove interesting. 


Tasite III.—Analysis of the soil of the Fresno Hxperimental Vineyard at 
Fresno, Cal. 


Mechanical constituents (per cent). 


= A Clay 
Description and depth of soil. Fine Coarse dium Fine fine Silt (0.005 


Coarse | gravel sand sand |(0.05to|} mm, 
/gravel.| (2to1| % | (0.5 t0| (205 | (0.1 to | 0.005 | and 


mm.). : 0.25 0.05 | mm.). | small- 
mm.) mm.) mum.) mm.) er) 

Brown sandy loam: 

OmOnlaniichestet sass eeasee sess. 0.58 152 9.8 6.7 18.4 12.0 SREY 19.7 

TUR ee SELIG OS. Sars Gps iene — care cieseyei= 71 9 9.1 6.9 17.8 12.3 32.5 21.4 
Sandy loam: 

ZA TOMO MNCDOS: sae Tee cedar 51 .6 8.3 7.8 19.9 12.9 Plath 23.5 

BOOMS mnCHES: sak eee een. cere 35 9 8.8 6.0 1133-7 13.1 36.3 21.4 
Free sandy loam: 

AG tOOUMNCHESLess- dese. 2- sess sc gull 1.2 14.2 8.6 22.4 1G 7/ 26.5 11.1 


Of this type of soil about 75,000 acres near Fresno, 6,000 near 
Stockton, and about 265,000 in the Sacramento Valley have been 
mapped by the Bureau of Soils. For a further description of the 
soils, see Bureau of Plant Industry Bulletin 172 and the surveys of 
the Bureau of Soils. 


PREPARATION OF SOILS. 


In the raisin-producing sections of California the country is nat- 
urally so level that not much grading is necessary. After the land 
has been leveled where needed it should be well prepared. If virgin 
soil is to be used, it will allow the field to be put in better shape if a 
crop of grain is grown on it the season before planting. After being 
plowed and subsoiled, it should be thoroughly harrowed and clod- 

“crushed with a drag or roller. In the early stages of the industry 
most of the vines were planted 7 feet apart each way (PI. I, fig. 1). 
The tendency now is to plant farther apart, some planting 8 feet 
apart each way (PI. I, fig. 2), others 6 by 10 feet, 9 by 9 feet, 8 by 10 
feet (Pl. I, fig. 3), or even wider distances apart. Trellises are the 
exception (PI. II, fig. 1); usually stakes are simply used to support 
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the vines (Pl. II, fig. 2). This enables the growers to plow and 
cultivate lengthwise and crosswise. Of late years, since the proper 
method of pruning Sultanina has become better known, there is a 
tendency toward trellising. The vineyards are plowed twice an- 
nually. In the first plowing the soil is thrown away from. the vines 
(Pl. I, fg. 3), and in the second it is thrown up to them again 
(Pl. I, fig. 1). Frequent cultivations are given early in the season, 
all culture being abandoned after the spring rains are over. 

Crops can be grown without irrigation, but it has been practiced 
largely because it increases the size of the fruit and therefore also 
increases the yield. Trouble has been experienced in some localities 
on account of the lands becoming waterlogged from irrigation. 


PRUNING METHODS IN RAISIN VINEYARDS. 


Three methods of pruning are practiced with raisin varieties in 
this country. These are spur, cane, and spurring laterals on canes, 
the methods used differing with the varieties. 
All grape-pruning systems have, however, the one 
underlying principle that the grape usually bears 
its fruit on shoots from wood of the previous 
year’s growth. The pruning should, therefore, be 
such as to renew the wood at a given point from 
year to year, thereby regulating its production and 
keeping the plant thoroughly shaped and under 
constant control.? 


THE SPUR, STOOL, OR SHORT PRUNING SYSTEM. 


The simplest and cheapest method and the one 
aS ee i extensively used in California with the stockier 
Fic. 1.—A grapevine varieties of Vinifera grapes is the spur system, 

prunea to spurs. otherwise known as the stool or short pruning 
system. By this method the body of the vine is grown to the desired 
height and shoots are permitted to grow from only the two uppermost 
buds. The two resulting canes are cut back in the winter to spurs of 
twoeyeseach. The following year these spurs are allowed to produce 
growth. The resulting canes are again cut back to spurs and all of 
them allowed to remain if the vine is strong enough. Thus the vine 
under ordinary conditions at the beginning of the fifth year consists 
of a trunk from which spring four or five arms, on each of which a , 
cane has been cut back to a spur (fig. 1 and Pl. 1, fig. 3). When the 
vine is pruned the following winter all, or nearly all, the outer 
canes that have grown from the spurs are entirely removed. The 


1 for full information on the pruning and training of vines, see Farmers’ Bulletin No. 
471, entitled “ Grape Propagation, Pruning, and Training.” 
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spurs of the last season are cut off just outside the inner canes, which 
are cut back to spurs, the pruning each winter after this being done 
to promote a regular system of spur renewal. As the vines become 
older and stronger and can stand more cropping, more spurs are 
left to increase the fruiting capacity of the plant. In course of time 
the arms of the respective spurs are renewed and entirely new arms 
and spurs are grown. The head of the vine should be kept well 
balanced and given a globular form if possible. Some varieties on 
which the lower eyes are not sufficiently productive may be improved 
by increasing the length of the spurs and the 
number of eyes, leaving four or even five eyes 
to a spur, according to the variety of the vine. 


THE LONG, OR CANE, PRUNING SYSTEM. 


The long, or cane, pruning system is also in 
general use in California. When vines are 
trained according to this system the fruit is 
borne on canes which are tied to a stake, the 
spurs which are left to grow from them pro- 
ducing canes for the following year. In prun- 
ing, the canes which fruited the previous year 
as well as the arms on which they grew are 
entirely removed, the canes produced from the 
spurs left the previous year furnishing the 
fruiting canes and spurs needed (fig. 2). In 
this manner the head of the vine is renewed 
from year to year, and as the plants grow older 
and stronger the fruiting capacity is increased 
by leaving more canes and spurs. 

The Sultanina bears well only when pruned to 
longcanes. Provision should therefore be made 
for the growth of new canes from the stump, to Fic. 2—A grapevine 
furnish bearing canes for the following years. asshrecteacl 
This is accomplished in pruning by leaving short spurs of one or two 
buds on the main stump from which to grow the canes. Frequently, 
however, the spurs are so shaded by the foliage on the fruiting canes 
that they do not always produce vigorous wood and often fail to grow. 
To remedy this, two methods are employed; namely, (1) bending and 
tying the fruiting canes to form a circle (fig. 3), and (2) training 
the fruiting canes on horizontal trellises. The first method diminishes 
the tendency of the sap to go to the end of the fruiting canes and 
causes a greater number of shoots to start on the lower parts of them. 
These shoots are not so strong, but are more fruitful. Another result 
of the bending of the canes is that the sap pressure starts strong 
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shoots from the spurs left for the purpose. These shoots are used as 
fruiting canes the following year, new spurs being left to grow canes 
for the next year. In the second method the pruning is the same and 
the same objects are accomplished, but a trellis is used on which the 
fruiting canes are placed in a horizontal position and tied to the 
trellis wires (Pl. IT, fig.1). The Sultanina variety also has a tendency 
to send out suckers, water sprouts, and sterile shoots. For that reason 
the vines should be carefully gone 
over several times after the young 
shoots start, to remove undesirable 
growths. 


RAISIN VARIETIES. 


The raisin varieties are all Vinif- 
eras, therefore they are not resistant 
to phylloxera, and for this reason 
they should be grown on phylloxera- 
| resistant stocks to make permanent, 
( durable vineyards. 

The principal raisin variety grown 
is the Alexandria (Pl. III). This 
has numerous synonyms, but is so 
well known in this country as Alex- 
andria that no other names need now 
be given. . 

Ripens midseason. Color yellow- 
ish green; when fully ripe, flushed 
with amber. Cluster straggling, long, 
loose, and never compact even when 
perfect. Stem long, reddish brown; 
pedicel thick, warty, yellowish, one- 

canes, the canes afterwards being half inch long. Berry large, five- 

bent in a circle on the support. eighths by 1 inch long, tapering 
toward pedicel, sometimes slightly flattened at apex; surface 
smooth, yellowish green; bloom white; adherence excellent. Skin 
tough and thick. Flesh meaty, firm, fairly juicy. Seeds one 
to four, long, reddish brown. Flavor spicy, fruity, and rich. Vine 
robust, with small-furrowed, light-yellow wood, dotted with black. 
Leaves five-lobed, medium size, thick, leathery, smooth, rather deeply 
serrated, slightly elongated, light green, slightly glossy above, gray 
yellowish green underneath; veins thin, red at base; leaf stem longer 
than midrib of leaf; petiolar sinus open. 

_ This is the most important raisin variety. It is also a very im- 
portant shipping grape, as it carries well, looks well, and many ad- 
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Fia. 1.—CROSS PLOWING A MUSCAT VINEYARD. 


Fig. 3.—A SULTANINA VINEYARD AFTER PLOWING. 


PLATE |. 
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Fi@. 1.—PRUNED SULTANINA VINES ON TRELLISES. 


FIG. 2.—PRUNING SULTANINA VINES TO CANES. 
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Fic. 3.—PRUNING MUSCAT VINES TO SPURS. 
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A CLUSTER OF ALEXANDRIA (MUSCAT OF ALEXANDRIA) GRAPES. 


(Two-thirds natural size.) 
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A CLUSTER OF SULTANINA (ERRONEOUSLY CALLED THOMPSON SEEDLESS) GRAPES. 
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mire its peculiar flavor. It seems to have been first cultivated by the 
Arabs. 

The vine is fairly productive, but does not always set well. The 
laterals produce a heavy second crop and sometimes a third crop. 
The vine should be pruned to the spur system (fig. 1 and PI. I, fig. 1). 
Tests made of this variety grafted on a number of resistant stocks so 
far show good congeniality to exist between it and Riparia * Rupes- 
tris 3309, Riparia X Rupestris 101, Dog Ridge, Riparia « Rupes- 
tris 101-14, and Berlandieri  Riparia 420—A, in the order named. 

The muscatel Gordo Blanco, which has also been grown to a con- 
siderable extent in this country, resembles the Alexandria, differing 
from it principally in having a round berry and clusters more 
compact. 

The Huasco and White Hanepoot are practically identical with 
Alexandria. 

The Malaga and Feher Szagos (both wrongly named), which have 
been desiccated to a considerable extent in the past, are not now much 
used. Other large-berried varieties that have been dried in limited 
quantities will never figure commercially, it is thought, and for this 
reason are not mentioned. 

Next to Alexandria, the Sultanina (Pl. IV and Pl. V, fig. 1; syno- 
‘nyms, Sultanich, Hzkerdeksis, Tchekirdeksis, Kechmich, jaune a 
grains oblongs, Conforogo, etc., and erroneously, Zhompson’s Sced- 
less—from which the seedless raisins are cured) is most important. 
Tt ripens about midseason. Color light yellowish green, flushed when 
fully ripe. Cluster long, fairly loose, and often fairly compact, 
large, from 6 to 16 inches long; stem 14 to 2 inches long, medium size, 
wiry. Pedicel light green, one-third inch long, slender and warty. 
Berry oblong, above medium size, five-eighths to three-fourths by 
three-fourths to 1 inch; adherence good; apex large, black, protrud- 
ing, with prominent oriole ring. Surface smooth, light yellowish 
green; bloom white; glossy. Skin medium thick, tough. Flesh 
fairly meaty, moderately firm, fairly juicy. Flavor sweet, with de- 

- licious acidity. An excellent dessert, table, shipping, wine, and raisin 
grape. Vineastrong, long grower, light brown, long jointed, slender ; 
canes long. Leaf thin, light, bright green above, lighter underneath, 
smooth and shiny, sharply serrated. An extremely popular and most 
valuable grape. Should be pruned to canes and trained as stated on 
pagesTand8. (See fig.3and Pl. II, fig.1.) So far, it hasshown good 
congeniality on the following stocks, in the order named: Riparia < 
Rupestris 3309; Dog Ridge, Aramon x Rupestris Ganzin No. 1, 
Riparia < Rupestris 101, Lenoir, Solonis & Riparia 1616. 

The Sultanina Rosea, a rose-colored variety of Sultanina, is at- 
tracting some attention of late years. It should be pruned and 
trained like Sultanina. 
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The Sultana has also been grown to some extent, and although 
a valuable grape that thrives in a number of localities and under a 
number of diverse conditions, no large vineyards of it are yet to be 
found in this country. 

Panariti (Pl. VI; synonyms, Corinthe Rose and Passereta rosada) 
ripens very early. Color amber. Clusters very long, almost cylin- 
drical, but tapering, frequently enlarged toward end of cluster, often 
shouldered, straggling, loose; stem 14 to 2 inches long, of medium 
size, soft, and fleshy. Pedicel light green, one-fourth to one-third 
inch, extremely slender. Berry round, very small, not averaging 
much over one-fourth inch in diameter; surface smooth. Color 
amber, with whitish bloom. Skin thin. Flesh white, soft, juicy. 
First crop seedless. Flavor rich and sweet, with characteristic cur- 
rant flavor. Vine vigorous, stocky, but spreading. Canes thick, 
long, light brownish, smooth, striped, with internodes 3 to 4 inches 
long. Leaf irregular, five-lobed; upper side rather dark green with 
lighter green veins; araneous; under side lighter, slightly whitish with 
yellowish down; indentations small, angular, rounded, higher than 
broad; petiolar sinus slightly rounded, irregular, rather small. Does 
well pruned to spurs and short canes (fig. 2 and Pl. II, fig. 2). To 
get regular crops, annular incision should probably be practiced. 
Tests of the variety grafted on a number of resistant stocks have so- 
far shown good congeniality to exist between it and Rupestris St. 
George, Mourvedre X Rupestris 1202, Aramon X Rupestris Ganzin 
No. 1, Riparia < Rupestris 3309, Salt Creek, and Dog Ridge, in the 
order named. 

The White Currant (synonyms, Aischmisch, Passerina, Passera, 
Passereta, Szemer, Szem, and Corinthusi A proxzemer) and the Black 
Currant (synonyms, Corinthe Noir, Currant grape, Patras Currant, 
Zante, Raisin de Corance) are very similar to the Panariti, differing 
materially from it only in color. 

Currants have not so far been grown to any great extent in this 
country, not because they will not thrive here, but no one has engaged 
in their culture seriously enough to determine the right way to grow, — 
prune, and train them. Vines of the white variety are scattered 
about in California, but there are no extensive plantings. These 
produce a beautiful, semitransparent, seedless raisin of good flavor, 
but inferior to the Black Zante grown on the mainland of Greece. 
The Department of Agriculture for some years has made experi- 
inents in the growing of currant varieties of grapes on different 
resistant stocks and practiced on them different methods of pruning 
and training, with very gratifying results, and strong hopes are 
entertained of starting and developing this special line of the raisin 
industry. There seems to be no reason why this country should not 


THE RAISIN INDUSTRY. . ih 


produce the 35,356,000 pounds, or $1,206,000 worth, of currants 
it has for 10 years been annually importing. 


CLIMATIC CONDITIONS IN THE RAISIN BELT. 


So ideal are the climatic conditions for the raisin industry, and 
they have such an important influence in drying raisins and other 
fruits, that the temperature and rainfall records of Fresno and 
vicinity, furnished by the Weather Bureau, are herewith given. 
Table IV shows the seasonal rainfall (in inches) for 15 years. 


TasLe 1LV.—Rainfall at 'resno, Cal., from June to November, 1900 to 1914. 


Year. June. July. Aug. Sept. Oct. Nov. 
Trace. Trace. 0 0.16 0.33 4.61 
Trace. Trace. Trace. -59 -56 286 
Trace. 0 Trace. 0 -42 2.25 
Trace. 0 0) 0 0 . 68 

0 0 0 1.78 3.21 . 08 

0 0 Trace. 0 .96 

Trace. Trace (0) Trace 0 518? 
24 Trace. Trace 1.08 0 

01 9 15 02 . 66 

. 80 0 0 0 72 2.79 

Trace. Trace 0 1 45 ~24 

Trace. Trace. 0 O1 . 09 17 

Trace. Trace 0 -10 - O01 . 85 

.10 .33 Trace. Trace. Trace. 1.86 

23 Trace. Trace. .22 - 26 Sint 


As to temperature it is noted that in the hottest time of the sum- 
mer the mercury has risen as high as 115° F. in the shade. The 
average of the highest daily temperatures is about 100° during July 
and about 98° in August, while the average of the day and night 
temperatures for the same months is about 82°. The nights are always 
much cooler than the days. The coldest weather in winter is 17° F. 
(above zero). ‘The summers are rainless, and the nights are so free 
from dew or moisture that a piece of tissue paper, after lying out all 
night, is crisp and stiff the next morning, without a particle of mois- 
ture showing. 

The rainfall averages 10 inches a year. The principal rains occur 
in January and February, with some showers in October. Fre- 
quently it rains enough in November to cause considerable damage to 
partly dried raisins or grapes. 


HARVESTING AND PREPARING THE CROP. 


Drying is the most ancient and primitive of fruit-preserving 
methods, the dried fruit containing much more nutritive value in pro- 
portion to its bulk than fresh fruit. In the raisin districts of this 
country grapes are ripe by the middle of August, the season often 
lasting into November. The average time necessary for drying and 
curing a tray of raisins is about three weeks, depending on the 
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weather, the earliest picked grapes drying in 10 days and the later 
ones often taking four weeks or more. 

The method of drying is very simple. The bunches are cut from 
the vines and placed in shallow trays 2 feet wide, 3 feet long, and 1 
inch high (PI. V, figs. 1 and 2), on which the grapes are allowed to 
sun-dry, being turned from time to time by simply placing an empty 
tray upside down on the full one and then turning both over and 
taking off the top tray. After the raisins are dried they are stored 
away until they are packed and prepared for shipment. Some of 
the larger growers, in order not to run so much risk in drying on 
account of rain, and also to enable them to handle the crop fast 
enough, have curing houses, where the curing 1s finished after having. 
been partially done outside. 


DIPPING AND SCALDING RAISINS. 


The operation of dipping and scalding is designed to accomplish 
several purposes, namely, to cleanse the fruit, to hasten its drying, 
and to give the dried fruit a lighter color. In dipping and drying, 
the fruit, immediately after being cut from the vines, is either dipped 
in clear water to first rinse it of particles of dust and other foreign 
matter, or it is taken direct to the scalder and immersed in a boiling 
alkaline mixture called “legia” (lye) until the grapes show an 
almost imperceptible cracking of the skin, the operation consuming 
perhaps from one-fourth to one-half of a minute. This dipping 
calls for skill on the part of the operator, the duration of the im- 
mersion depending on the strength and temperature of the mixture 
and the condition of the fruit. Desiccation follows the scalding 
process, which is accomplished on trays (Pl. VII, fig. 1) in the sun, 
the same as undipped raisins cured entirely by solar heat (Pl. VII, 
fig. 2). On account of the scald they cure rapidly, and the fruit is 
also often of lighter color when cured. The following formula has 
been used at Woodland, Yolo County, for Sultana and Sultanina 
grapes: 

Thirty pounds of English bicarbonate of soda are boiled in 30 gallons of 
water until dissolved, to which are added 70 gallons of water and approximately 
one teacupful of genuine olive oil. This mixture is for grapes containing 25 
per cent of sugar; should their sugar content be less, more bicarbonate of soda 
is added. The bicarbonate of soda must be sufficiently strong to remove the 
bloom of the grape and open the pores of the skin to facilitate drying. The 
cup of olive oil added forms a thin film on the surface of the solution. ‘This 
film is preserved while dipping by adding an occasional teaspoonful of oil, the 
mixture being kept sufficiently warm so that the oil dissolves perfectly and 
spreads evenly over the surface. Three-fourths of a gallon of olive oil will be 
sufficient to dip 5 tons of grapes in the mixture as given here. When the solu- 
tion gets dirty it is renewed. 
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FiG. 1.—PICKING AND DRYING SULTANINA GRAPES. 
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Fia. 2.—PICKING AND DRYING MUSCAT GRAPES. 
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A COMPOUND CLUSTER OF PANARITI GRAPES. 
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Fia. 1.—A STACK OF RAISIN TRAYS. 


Fic. 3.—HAULING AND STORING RAISINS IN SWEAT BOXES. 


PLATE VII. 
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Fic. 2.—RAISIN SEEDERS AND PROCESSERS. 


Fia. 4.—AN UNDERGROUND RAISIN CARRIER. 


PLATE |X. 
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PACKING LAYER RAISINS. 


Fila. 1.— 


PACKING SEESED RAISINS IN CARTONS. 


Fig. 2 
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The following formula has been used for Sultana and Sultanina 
grapes at Fresno: 

Fifteen pounds of ‘‘ Greenbank’s 98-per cent lye” are boiled in 100 gallons of 
water. This mixture is for grapes containing 25 per cent of sugar. Should 
their sugar content be less, enough lye is added to remove the bloom and open 
the pores of the skin of the grapes. After dipping, the grapes are spread on 
trays and sulphured for 1 to 14 hours. Observation will show whether it may 
be necessary to vary this formula a trifle to suit conditions of ripeness and 
influence of temperature. The length of time required for dipping is ascer- 
tained by experience, and differs with the strength of the lye, the heat of the 
solution, and the thickness of the skins of the grapes. 


PACKING RAISINS.* 


The raisins as received at the packing house are weighed and the 
loose raisins and those that are to be shipped as dried grapes are 
immediately run through a stemmer and grader (Pl. VIII, fig. 1), 
which stems, cleans, and assorts the raisins into three or four dif- 
ferent grades, after which they are packed and shipped to various 
parts of the country, some also being exported. Those producing 
cluster or layer raisins (if they have not already been equalized) are 
first stored in the equalizing rooms (PI. VII, fig. 3). In these rooms 
the sweat boxes, filled with layers of new raisins, are stacked and left 
usually from 10 to 30 days, or long enough for the overdried berries 
to absorb moisture from the underdried ones. This sweating also 
properly softens and toughens the stems, which prevents their break- 
ing and enables them to hold the berries better. In California, 
where the climate is so dry, no first-class pack could be made without 
thus first equalizing the raisins. After having been equalized the 
raisins are taken out, assorted into the different grades, and placed 
in trays holding 5 pounds each (Pl. IX, fig. 1). The trays of the 
same grades are then pressed and stacked away in piles ready for 
packing. 

Pressing the raisins so they look well and so none are burst open 
is work requiring experience and good judgment. It takes four 
pressed trays to fill a 20-pound box. The loose raisins that have 
dropped from the cluster through handling before they were equal- 
ized are also graded, the largest, of course, making the choicest pack. 


CLASSES OF RAISINS. 


Previous to the consolidated organization of the packers the three 
best grades of raisins on the stems were known as “ Imperial,” ‘“ De- 
hesia,” and “ Fancy Clusters,” respectively. The California Raisin 
Growers’ Association established classification and grades similar to 
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The rapid development of the fruit-packing industry in the United 
States within recent years has had a tendency to direct the attention 
of packers to the large accumulations of by-products which at pres- 
ent are valueless because of their lack of utilization. The nature of 
these waste products differs, according to the fruit from which they 
result. In most cases some portion of the fruit is discarded because 
it has no further use. Often it is the exterior portion, but in many 
eases, especially with fruits which require pitting, the waste prod- 
ucts consist of pits or seeds which must be removed before canning. 

In previous publications of the Department of Agriculture? atten- 
tion has been called to the enormous quantities of raisin seeds and 
peach and apricot pits which may be made to yield valuable com- 
mercial products, and already some manufacturers are turning their 
attention to these waste products with a view to their profitable 
utilization. 

More recently the attention of the writer has been called by fruit 
packers to the waste which results from the cherry-packing industry 
of the North Atlantic, North-Central, and Western States. This is 


1 Rabak, Frank. Peach, apricot, and prune kernels as by-products of the fruit industry 
of the United States. U.S. Dept. Agr., Bur. Plant Indus. Bul. 133, 34 p., 19908. 
The utilization of waste raisin seeds. U.S. Dept. Agr., Bur. Plant Indus. Bul. 
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material which has not only been discarded as valueless, but has 
actually been a source of expense, due to charges for hauling it away. 

New York, Michigan, Wisconsin, and California produce the bulk 
of the cherries grown for canning purposes, and in preparing the 
fruit for canning large quantities of pits and juice accumulate. 


RELATION OF THE CHERRY TO SWEET AND BITTER ALMONDS AND 
ALLIED PLANTS. ; 

The cherry belongs to the natural order Drupacez, which includes 
a number of our most important fruits, such as peaches, apricots, 
and prunes. It is a native of Asia Minor and has been introduced 
into Europe and the United States. 

The fruit of the red sour cherry furnished the material for the 
following investigation, since it is mostly the fruit of this variety 
which is pitted for commercial use. The red sour cherry is designated 
botanically as Prunus cerasus L. Among the principal varieties 
grown commercially are the Montmorency Ordinaire, the Richmond, 
and the English Morello, the first named being the most important 
variety and producing the bulk of the fruit grown. 

The peach, known botanically as Amygdalus persica L., the apricot, 
Amygdalus armeniaca L., and the prune, Prunus domestica L., are 
closely related to the cherry, as are also the sweet almond, Amygdalus 
communis dulcis DC. and the bitter almond, Amygdalus communis 
amara DC. All of these species, including the cherry, produce drupa- 
ceous fruits which, although of somewhat different sizes and shapes, 
possess the same general characteristics. 

The kernels of both the sweet and bitter almonds yield products of 
commercial value, as do also the kernels of the peach, apricot, and 
prune. From the standpoint of chemical composition the kernels of 
these various species, and also of the cherry, are for the most part 
identical. All consist principally of a fatty oil and protein, with 
smaller quantities of sugar, mucilage, and the glucosid amygdalin. 

Tt is generally known that bitter almonds yield two important com- 
mercial products, namely, fixed oil and volatile oil. The fixed oil is 
obtained from the kernels by expression, while the volatile oil is the 
result of a chemical process induced by the action of the enzym emul- 
sin upon the glucosid amygdalin. It has been found that peach, 
apricot, and prune kernels also yield oils very similar to those obtained 
from bitter almonds.t. The present investigation has shown that 
cherry kernels likewise are capable of yielding similar oils. 


COMMERCIAL IMPORTANCE OF CHERRIES. 


As has been stated, the pitting and canning of cherries is restricted 
almost entirely to the red sour cherries. A variety of sweet cherry, 
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the Napoleon (syn., oyal Ann), is cultivated extensively in Califor- 
nia, and to a lesser degree in Oregon and Washington. This is used 
partly to supply the demand for the bottled cherries of commerce 
known as the maraschino cherries. Most of the cherries used for this 
purpose, however, are imported from Spain and Italy. These are 
pitted and bottled in the United States and constitute an important 
article of commerce. A large accumulation of pits results from the 
packing of the imported cherries, and the present investigation has 
been extended to include this waste product, as well as the waste 
resulting from domestic cherries. 

The extent of the cherry-packing industry is indicated in the agri- 
cultural statistics of the States mentioned. According to the Thir- 
teenth Census of the United States, the quantity of cherries grown 
in New York in 1909 was 271,597 bushels, in Michigan 338,945 bushels, 
and in Wisconsin 81,340 bushels, making a total of 691,882 bushels, 
or 20,756 tons. The quantity grown at the present time is doubtless 
considerably in excess of these figures. Approximately 80 per cent. 
of the crop is canned, which is equivalent to 553,506 bushels, or 16,605 
tons. The total output of the California orchards in 1909 was 501,013 
bushels, or about 15,000 tons. 

Accurate figures showing the total quantity of cherries pitted an- 
nually are not available. Approximate figures, however, were ob- 
tained by correspondence and by consultation with the principal pack- 
ers in the various canning sections. The average annual importa- 
tion of maraschino cherries from Italy and Spain, as calculated from 
the quantity of pits which result, is about 2,500 tons. 


ACCUMULATION AND DISPOSAL OF BY-PRODUCTS. 


Two by-products of the cherry industry, the pits and the juice, are 
at present entirely wasted. From the standpoint of commercial 
utilization the pits constitute the larger and more important of these 
waste products. 

It has been estimated that about 15 per cent of the cherries consists 
of pits. Since definite information regarding the total quantity of 
cherries pitted was unavailable and since the quantity pitted is de- 
pendent entirely upon the crop of each season, only approximate 
figures regarding the total output of waste pits are presented. 

The figures given were obtained by interviews and correspondence 
with 23 packers in New York, 6 in Michigan, and 3 in California, 
who estimated the quantity of waste pits in 1914 as follows: New 
York, 800 tons; Michigan, 200 tons; and California, 400 tons. The 
total output was probably somewhat greater, as several packers failed 
to supply estimates. Wisconsin is rapidly increasing the acreage of 
cherries and, as predicted by growers, will probably produce several 
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hundred tons annually. Smaller quantities are also available in New 
Jersey and Pennsylvania. 

From the figures given by the packers it would appear that 1 5600 
tons is a conservative estimate for the total quantity of cherry pits 
that become available each year. This quantity will most likely in- 
crease, owing to the increasing acreage. 

The cherry juice which results from this industry accumulates in 
very large quantities. According to one prominent packer the quan- 
tity of juice is estimated at about 70 gallons per ton of cherries. Cal- 
culated on the quantity of cherries pitted, it is estimated that the ap- 
proximate output of juice is 112,000 gallons annually. At the present 
time this by-product is entirely wasted, although several packers have 
attempted to find some use for it. 

The pits of the imported cherries have also been discarded, and 
often at considerable expense. About 650 tons may be considered as 
the annual output of this waste. 

The writer was informed by nearly all the packers consulted that 
much thought has been given to a possible utilization of the large 
quantities of waste material and that great benefit would result and 
an added stimulus be given to this important branch of the fruit 
industry if a profitable utilization of the waste products could be 
accomplished. 

Actuated, therefore, by the requests of many packers and by actual 
observation of the large quantities of pits and juice which accumu- 
late at the packing plants, the investigation herein described was 
undertaken. 


COMMERCIAL PRODUCTS OBTAINABLE FROM CHERRY PITS. 


Because of the relationship of the cherry to the sweet and bitter 
almonds and to the peach, apricot, and prune, it was not unreasonable 
to suppose that products could be obtained from the pits of the 
cherry similar to those obtained from the other fruits mentioned. 
Fixed and volatile oils are at present manufactured from almonds 
and from peach and apricot kernels. The oils from these various 
kernels are practically identical in character and may be used for 
similar purposes; in fact, they are so nearly alike that much of the 
almond oil of commerce has been obtained from peach and apricot. 
kernels. The composition of the kernels from cherry pits is such as 
to admit of the extraction of fixed and volatile oils, both possessing 
the general characteristics of almond oils. 

The pits of the imported cherries present a somewhat different prob- 
lem, due to the treatment of the fruit before importation. At the 
time these cherries are picked the kernels contain presumably the 
same constituents as the domestic cherries. The composition is nota- 
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bly altered, however, by the processes involved in packing. Briefly, 
the fruit receives the following treatment: When ripe it is picked and 
placed in trays, and then subjected to the bleaching action of sulphur 
dioxid, which changes the red color of the fruit to a pale yellow. After 
bleaching, it is packed in a 3 per cent salt brine in casks having a 
capacity of 350 pounds, in which containers it is imported, the cherries 
remaining in the brine for about four months. 

In bottling the cherries the first step consists in washing them with 
successive portions of fresh water until all the salt is removed. The 
cherries are then pitted by hand, women being employed for this 
operation. After pitting, the fruit is packed in the bottles by hand, 
and hot sirup is poured over it, together with an artificial red color- 
ing matter and a small quantity of bitter-almond oil, the latter being 
added to impart the cherry flavor. 

Upon examining the kernels of the pits which were removed from 
these cherries before bottling, it was observed that when the kernels 
were crushed in the mouth no volatile oil was apparent. It is quite 
probable that the action of the sulphur dioxid and the salt brine exerts 
a detrimental influence upon the glucosid contained in the kernel. 
The fact that no bitter-almond taste developed was conclusive evi- 
dence that the amygdalin had been destroyed or its hydrolysis im- 
paired by the treatment the fruit had received. However, a fixed oil 
was found to be present in the kernels and its quality was not seriously 
impaired, as will be shown later. 

The juice from the domestic cherries is extremely acid in taste, but 
after neutralization of the acid considerable sugar was noted. The 
preparation of alcohol from the waste juice and the possibility of re- 
ducing the juice to a sirup were considered. It was thought probable 
also that by means of some jelling medium the juice might be used 
for making jelly. . 

Attention may also be directed to the meal which results after the 
extraction of the fixed and. volatile oils from the pits and kernels. 
This meal is rich in nutritive constituents and should find a useful 
outiet in commerce. 

Briefly summarizing: A number of products may be obtained from 
the pits and kernels of cherries and from the juice, which, as will be 
shown, may prove of commercial importance. 


FIXED OIL. 
METHODS OF EXTRACTION. 


The extraction of a fixed oil from seeds is usually accomplished 
by one of two methods: The use of hydraulic pressure or of volatile 
solvents. Both methods have a general application. 

Volatile solvents are used in many instances, especially in the case 
of seeds which are more or less deficient in oil. In all cases the sol- 
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vents used are such as will readily dissolve the oil. Among those em- 
ployed are gasoline, ether, benzene, petroleum ether, chloroform, car- 
bon bisulphid, and carbon tetrachlorid. Apparatus of the continuous- 
extraction type is usually employed. This admits of the recovery of 
the solvent and minimizes the loss of the solvent. It has been reported 
that recent improvements in method and apparatus have made this 
process cheaper than the pressure method. The solvent can be entirely 
removed from both the oil and the residue. It is also held that by the 
employment of this process various kinds of material can be treated 
in the same apparatus. The expense of operating is also said to be 
less than the pressure method. 

The color of oils extracted by solvents is often very dark and it is 
necessary to remove it, but this can usually be accomplished with no 
great difficulty. 

The solvents perhaps most frequently employed, because of their 
comparatively low price, are benzene, petroleum ether, gasoline, and 
carbon tetrachlorid. Of these, carbon tetrachlorid has within recent 
years become very popular, not only because of its cheapness but 
because of its noninflammability and less volatile nature, thus reduc- 
ing the danger from fire and minimizing the loss from evaporation. 
According to a recent report* benzine is used for the extraction of 
soy-bean oil in a new mill of the South Manchurian Railway Co. at 
Dairen, this mill having a capacity of 80 tons daily. 

Hydraulic pressure is perhaps more universally used than any 
other method and especially in the case of seeds having a high per- 
centage of oil. This method is not practicable, however, with seeds 
of low oil content, because the resulting press cake retains a consider- 
ble percentage of the oil, and this would materially affect the total 
yield. Seeds which contain as high as 30 to 50 per cent of oil are 
best manipulated by extraction under pressure from hot meal or with 
heated plates, a maximum percentage of oil being thereby obtained. 
As a general rule, the quality of an oil obtained by hydraulic pres- 
sure excels that obtained by volatile solvents, cold pressure produc- 
ing even better quality than hot pressure. Oils obtained by the pres- 
sure method invariably contain less impurities than those extracted 
by solvents, and therefore require less refining. 

Suitable presses for extracting fixed oils are on the market, all 
embodying the same general principle. Continuous extractors, pref- 
erably of copper, are also obtainable from American manufacturers, 
especially manufacturers of pharmaceutical machinery. 


EXTRACTION OF OIL FROM THE PITS BY SOLVENTS. 


A quantity of dry pits was finely ground in a drug mill and intro- 
duced into a continuous-extraction apparatus fashioned after the 


1Parlett, H. G. New bean-oil extracting mill at Dairen on the benzine system. In 
Bd. Trade Jour. [London], v. 86, no. 923, p. 385, 1914. 
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Soxhlet extractor. Extraction was made with ether and continued 
until the material was completely exhausted. By this process a yield 
of 8.3 per cent of a pale-brown fixed oil was obtained. By the same 
process the pits from the imported cherries yielded 4.5 per cent of a 
deep-brown, rancid-smelling oil. 

The crude oil thus obtained was not only deeply colored but pos- 
sessed a characteristic odor of rancidity, due to the presence of free 
volatile fatty acids. In order to free the oil of the objectionable 
color and odor it was subjected to the following refining process: 
The oil was introduced into a flask and live steam was conducted 
through the mass until the distillate which contained the free vola- 
tile acids possessed no appreciable odor and was no longer acid to 
litmus. While hot, the oil was separated from the water in the flask 
by means of a separatory funnel, treated with kaolin (fuller’s earth), 
and the mass filtered through filter paper in a hot filtration funnel. 
The filtered oil was pale golden yellow in color, with a distinctly 
nutlike taste and with no suggestion of rancidity. 


EXTRACTION OF OIL FROM THE KERNELS BY PRESSURE. 


Hydraulic pressure was not found applicable to the pits, because of 
the low yield of oil. It was necessary, therefore, to crack the pits 
and remove the kernels. This was accomplished by slowly feeding 
the pits into a mill having vertical grinding plates set to grind very 
coarsely, so that a mere cracking of the shells resulted without crush- 
ing the kernels. The cracked pits were first put through a round- 
hole sieve with openings sixteen sixty-fourths of an inch in diameter 
and then through another sieve with openings of thirteen sixty- 
fourths of an inch. This removed the coarser parts of the shells. 
A final separation was made by passing the material through a “ wild- 
oat” sieve with oblong meshes measuring seven sixty-fourths by one- 
half of an inch. The last screening effected a reasonably complete 
separation of the kernels from the shells. 

It is very important that the mill be fed with a slow, continuous 
stream of pits, and care must be exercised in order not to crush the 
kernels, otherwise they are apt to separate into halves and the halves 
pass through the final sieve. By this process 28 per cent of the pits 
was found to consist of kernels. . 

The laboratory press available for the extraction of the oil from the 
kernels was not entirely adequate for obtaining the best results. A 
pressure of 2,750 pounds to the square inch was applied to the finely 
ground kernels, the expression being conducted in the cold. <A yield 
of 21 per cent of a pale golden yellow oil, with a pleasant nutlike 
odor and taste, was thus obtained. With a commercial hydraulic 
press of the latest type, equipped for hot expression, a much higher 
yield would undoubtedly result. Working on a commercial scale 
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with an efficient hydraulic press or oil expeller, a yield of at least 30 
per cent of oil should be obtained. 

For the purpose of comparing the yield and general characteristics 
of the oils obtained from cherry kernels by solvent and by expression 
with oils from related kernels, Table I was compiled. 


Taste I1.—Yield and physical properties of crude and refined cherry oils com- 
pared with other related oils. 


See Index 
: Yield) oe ot re: Congealing 
Source of oil. of oil. gray ity Taclien point. Color. Odor. Taste. 
C. C. 
Cherry pits (red 
sour cherries):] P. ct. “ 
Crude.....-. 8.3 | 0.9204 | 1.4697 |] Turbidat —8° | Pale brown...-| Slightly rancid] Slightly acid, 
C.; almost fatty slightly 
gold at—12° bitter. 
Refined? = 232) 42-2-- -9171 | 1.4700 | Turbidat —8° | Pale golden | Bland, fatty...| Bland, fatty, 
C.; nearly yellow. nutlike. 


solid at —15° 
C 


Cherry kernels |!32 29150 | 1.4727 | Turbid at —13°| Pale golden..-| Pleasant,nut- | Bland, nutty, 
(red sour cher- C.; semisolid like. agreeable. 
ries). at —18°C. 

Cherry pits(im- 
ported cher- 
ries 

Crude. -...-. 4.5 | .9302 | 1.4582 | Semisolid at | Deep brown...| Fatty,slightly| Fatty, slightly 
‘ —11°C. rancid. acid. 
Refimed= sss (eee . 9276 | 1.4790 Semusolid at | Pale brown....| Bland, fatty...) Bland, fatty. 
—16°C. 

Cherry kernels |150 -9156 | 1.4775 |.---. Gozeet ees Deep straw....| Agreeable, | Fatty and nut- 
(imported fatty. like. 
cherries). 

Peach kernels 3.) 39.5 | 4.9166 |...-.--. Solidifying | Yellowish..-.-. Fatty, nearly | Bland, fatty, 

pomb below. odorless. nutty. 
—20° C.2 

Apricot  ker- | 40 4.9168 ;61.4712 | —20° C.6.......; Straw colored .| Slightly fatty, | Fatty and nut- 
nels.3 even odor- ty. 

ess. 

Prune kernels3.} 35 4 ONG4 See ane il) CMe seca Golden yellow.) Fatty, nutlike.| Bland, nutty, 
slightly 
sweet. 

Sweet almonds | 49 SONGZ il Saee ners PCO :8 ae we Light yellow-.| Nearly odor- | Nutlike and 

(Spain). less, fatty. fatty. 

Bitter almonds | 42.3 | 4.9158 |91.4705 | —10° C.8...... Yellowsec22s24| hae don .\ense22 Bland and 

(Italy).3 fatty. 


1By ether extraction. 

2 Specific gravity and other physical constants represent expressed oil of cherry kernels. 

3 Rabak, Frank. Peach, apricot, and prune kernels as by-products of the fruit industry of the United 
States. U. S. Dept. Agr., Bur. Plant Indus. Bul. 133, p. 15, 1908. 

4 At 25° C. 
ian Tec sec, J. Chemical Technology and Analysis of Oils, Fats, and Waxes, v. 2, p. 232. London, 


6 At 20° C., see Lewkowitsch, J., op. cit., p. 228. 
7 Lewkowitsch, J., op. cit., p. 230. 
8 Lewkowitsch, J., op. cit., p. 235. 
9 At 25° C., see Lewkowitsch, J., op. cit., p. 236. 

An examination of Table I shows that the specific gravity of the 
refined oil from the pits and of the expressed oil from the kernels 
corresponds very closely with that of the oils from the other kernels 
enumerated, thus indicating a like composition of all the oils, since 
the specific gravity of fixed oils is a property which is influenced 
largely by its composition. The high specific gravity of the crude 
pit oil is attributed to the presence of impurities, largely in the form 


of free fatty acids, which later were removed in the refining process. 
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The refractive index appears likewise to be affected by the pres- 
ence of free fatty acids as impurities. The crude oils are seen to 
possess a lower refractive index than those which have been refined 
and which therefore contain less impurities. The refractive prop- 
erty of the refined oils corresponds very closely with that of the 
other oils included in Table I. 

The congealing point is a property which is affected by differences 
in composition. Oils of the same kind, whether crude or refined, 
often differ in the congealing point, as is shown by the oils from the 
pits of both the domestic and the imported cherries. The refined 
cherry oil compares favorably in this respect with the other oils 
tested. 

No marked difference is observed in the color, odor, or taste of the 
various oils except that the crude oils are slightly darker and have 
a less agreeable odor and taste than the other oils. 

For the purpose of making a further comparison it was deemed 
advisable to determine the so-called chemical constants (the acid, 
saponification, and iodin values), which are shown in Table TT. 


TasrE I1.—Chemical constants of cherry oils compared with various other fruit- 
kernel oils. 


| 


Free fatty Free fatty 
acids. acids. 
Sa- SS Sa- 
poni- oni- 
Source of oil aes fica- Jody Source of oil. ca pune joetn 
Acid lated Be Acid lated eee 
value.| as value] as |Vuue 
oleic oleic 
acid. acid 
Cherry pits (red sour Cherry kernels (import- Pech 
cherries): ten GES ed cherries).....2....0- 3.5 | 1.76 {188.5 | 108.2 
rude cssccccdciews 21.5 {10.90 |189.2 | 101.7 || Peach kernels 3.......... -83 | .41 |187 110 
enined S59 fas. S08. he 15.1 | 2.58 |186.4 | 102.4 || Apricot kernels 3........ 75 | .38 |203 107 
Cherry kernels (red sour Apricot kernels (sameas 
cherries) cold pressed ?.| 6.2 | 3.13 |187.6 | 106.9 above, 1 year old)..... 13.3 | 6.68 |180 118 
Cherry pits (imported Prune kernels 3.......... 1.9 .95 |160 105 
cherries): Sweet almonds (market 
Griidet se? ese 22.1 11.10 |185.2 | 110.3 Sample)ity. 2 2. as gas ees 3.5 | 1.76 |193 107.3 
RGUDOGI 2s 248s < 55-1 | 18.4 | 4.10 |189.8 | 111.4 || Bitter almonds 3....._.. 1a 7 . 86 1188 106.3 
i i 


1 Acid number determined after standing 6 months. 

2 Kernels obtained from pits about 1 year old. 

3 Rabak, Frank. Peach, apricot, and prune kernels as by-products of the fruit HERESY: of the United 
States. U.S S. Dept. Agr., Bur. Plant Indus. Bul. 133, p. 16, 1908. 


Before discussing the data in Table IT it should be mentioned that 
the amount of free fatty acids in an oil is wholly dependent upon the 
age of the oil or of the material from which it is extracted. Freshly 
expressed or extracted oils from fresh material show but a trace of 
free acids, often less than 1 per cent. Most fatty oils are unstable 
as regards the liberation of free fatty acids, the quantity increasing 
with the age of the oil. 

The crude oils from the cherry pits show a high acid content, 
which, however, was largely reduced in the process of refining. The 

19348 °-—Bull. 35 
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cold-pressed oil from the kernels of the domestic cherries, although 
examined immediately after extraction, contained considerable free 
acidity. This was doubtless due to the fact that the kernels were 
taken from pits which had been kept in the laboratory for about a 
year. Asa general rule, oil from old seeds is high in acid content. 

The acidity of the oil from the kernels of the imported cherries 
was considerably lower, due possibly to freshness of the kernels. 

With two exceptions, the related oils included in Table II are low 
in acidity, due to the fresh condition of the oil when examined. Of 
the two exceptions, one of the oils was a year old before the deter- 
mination of the free acidity was made, and the other was a market 
sample, the age of which was not knowh. 

The saponification and iodin values of the cherry oils, which values 
are a criterion of the composition, agree quite closely with each other 
and compare favorably with the other ous, only an occasional vari- 
ation occurring. 

From the standpoint of general chemical composition, therefore, 
the refined 011 from the cherry pits and the expressed oil from the 
kernels are very similar to almond oils and to the oils from peach, 
apricot, and prune kernels. 


CHEMICAL EXAMINATION OF THE FIXED OIL. 


The general nature of the fixed oil having been determined, a more 
detailed analysis was made in order to obtain information bearing 
on the composition of the oil and to note the effect of refining on the 
more important properties. 

Besides the acid, saponification, and iodin values, the following 
additional constants were determined, according to the method rec- 
ommended by the Association of Official Agricultural Chemists: 


The volatile acids, consisting of the glycerids of such acids as butyric, valeri- 
anic, caproic, etc., were determined and expressed as the Reichert-Meiss] num- 
ber, which is a measure of the volatile acids expressed in cubic centimeters of 
decinormal alkali required to neutralize the volatile acids contained in 5 grams 
of oil.? 

The soluble and insoluble acids were determined, the former representing the 
percentage of soluble acids calculated as butyric acid and the latter the per- 
centage of insoluble fatty acids (Hehner value).° 

The acetyl value, which is a measure of the glycerids of hydroxy fatty acids, 
was determined largely for comparative purposes.* 

Likewise the uwnsaponifiable matter, which is a variable characteristic, was de- 
termined.” The percentage of unsaponifiable matter in a fixed oil is regulated 
largely by the presence of variable quantities of an alcoholic substance, phytos- 
terol, and other substances, such as coloring matter and waxlike compounds. 


1 Wiley, H. W., ed. Official and provisional methods of analysis, Association of Official 
Agricultural Chemists. As compiled by the committee on revision of methods. U. S. 
Dept. Agr., Bur. Chem. Bul. 107 (rev.), 272 p., 13 fig., 1908. 

2 Wiley, H. W., op. cit., p. 159. 

3 Wiley, H. W., op. cit., p. 158, 139, 

4 Wiley, H. W., op. cit., p. 142. 

5 Wiley, H. W., op. cit., p. 144. 
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~The insoluble acids comprise the largest portion of all fixed oils, 
and these were studied in detail by resolving them into the solid and 
liquid acids of which they are composed. ‘The nature of the solid 
and liquid acids of an oil is of importance, since upon the percentage 
of these respective acids depends largely the application of the oil in 
commerce, whether it can be used for edible purposes, for soap mak- 
ing, or as a drying oil. 

The separation of the solid and liquid acids was accomplished by 
the lead-ether method.t' The efficacy of this method depends upon 
the solubility in cold ether of the lead salts of the liquid acids and the 
insolubility of the same salts of the solid acids. After the separation 
of the solid and liquid acids the physical and chemical properties of 
each were determined, from which the approximate composition of 
the oils was deduced. 

The foregoing methods were applied to the crude oil which was ex- 
tracted from the pits of the domestic cherries by ether; also to the re- 
fined oil from the pits and to the expressed oil from the kernels. The 
results of these determinations are given in Table ITI. 


Tabir Il1.—Chemical characteristics of the oils from cherry pits and kernels. 


vote Soluple 
acid, or | acids (cal- is 
Source of oil. Reichert- | culated as peeclnee icra Tees 
: Meiss] butyric BOS: Vegas US 
| number. acid). 
Cherry pits (red sour cherries): Per cent. Per cent. Per cent. Per cent. 
OTIO ee eis faalannininize sicsic aise ntti scisn 6.32 22, 92 20.3 2.45 
Te VanG | Soa ee so ea ee a ee 3.665 473 92.5 3.45 1.12 
Cherry kernels (red sour cherries).........- 4.72 » 469 92.8 12.67 44 


The data in Table III clearly show the effect of the refining process 
upon the composition of the oils. The refined oil from the pits more 
nearly approaches the expressed oil from the kernels. As would be 
expected, the content of volatile acids is highest in the crude oil from 
the pits, while the refined oil differs only slightly in this respect from 
the kernel oil. 

The percentage of soluble acids, calculated as butyric acid, de- 
creases much the same as the volatile acids. The crude pit oil shows 
1.22 per cent of butyric acid, which in the refined oil is reduced 
to 0.473 per cent. The refined oil nearly corresponds with the 
kernel oil. 

The insoluble acids, which constitute by far the greatest portion 
of the oil, show only slight differences in the three oils. 

The acetyl values given represent the true values after correction 
for the volatile acids. If indicated without correction they would 
be too high by the amount of volatile acids present. Here, also, is 


1 Wiley, H. W., op. cit, p. 142, 145. 
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seen the favorable effect of the refining process. The acetyl value 
of 20.3 in the crude pit oil was reduced to 3.45 in the refined oil. The 
kernel oil, however, shows a considerably higher acetyl value than 
the refined oil from the pits. This is due to the fact that the kernels 
were taken from pits which were not in fresh condition. 

The amount of unsaponifiable matter in an oil depends largely 
upon the amount of coloring matter and waxlike substances con- 
tained in it. Therefore, the crude oil would be expected to show the 
highest percentage, which is substantiated by the results obtained. 

As previously stated, the insoluble acids are most important fac- 
tors in determining the quality and usefulness of an oil. Therefore, 
the physical and chemical constants of these acids were determined, 
and the results are presented in Table IV. For the purpose of com- 
parison, the known constants of a number of related oils are also in- 


eluded in Table IV. 


Paste IV.—Physical and chemical. constants of insoluble acids of oils from 
cherry pits and kernels and from other fruit kernels. 


| Spee Hetag iS : Neu- ; 
A cific ive ongeal- | trali- odn 
Source of oil. Color. Odor. Taste. gravity) index | ing point. | zation lvalue. 
at 25°C.) at 25°C. value. 
~ Cherry pits: SG: 
Crude....| Pale brown.| Rancid, fatty - pend, fatty, | 0.9019 | 1.4635 12toil |} 192.4] 99.9 
itter. 
Refined..|..... do.......| Slightly ran- | Sweetish,fatty,) .9137 | 1.4641 | 12.5t012] 179.7] 93.7 
cid, fatty. bitter. 
Cherry ker- | Pale straw-..| Nutlike, slight-) Sweetish,fatty,| .9092 | 1.4635] 13.5t013 | 180.8] 92.8 
nels. ly rancid. siehiay bit- 
er. 
Peach apker=5| eae ete sa ee ce eee le seas =p OnE ocr sene|os=s2scc 13.5 to 13 205 | 94.1 
nels.1 aes to to 
\ 209.9 | 101.9 
IADHICO Ore | Scion ececn selec se eee ae (osttes stemeevnaie 9195 es eies aces cee ee 194 99. 4 
nels.2 to 
103.8 
Prone)... Ker= | os. .60 2226 ae lest aenesk ce cot les sa nee sae Ce | eee ae See ee 13 to12 | 200.4 | 95.7 
nels.3 to 
102 
Admiorid) Kor=3}-..0-2: | eles eee bail. Pie clair 4.4461] 11.8 204 | 93.5 
nels.4 to to 
| 11.3 96.5 


1 Lewkowitsch, J. Chemical Technology and Analysis of Oils, Fats, and Waxes, vol. 2, p. 232. London, 
1909. 

2 Specific gravity at 15° C., see Lewkowitsch, J., op. cit., p. 228. 

3 Lewkowitsch, J., op. cit., p. 230. 

4 Refractive index at 60° C., see Lewkowitsch, J., op. cit., p. 237. 


Only slight differences mm the physical properties—color, odor, and 
taste—of the insoluble acids are noted in the cherry oils. - Data on 
these points were not available for the other oils. The specific grav- 
ity, refractive index, and congealing points of the insoluble acids of 
cherry oils compare favorably with the same constants of the related 
oils. The neutralization values differ somewhat from those of the 
related oils, with the exception of the crude pit oil. This indicates a 
slightly different composition from the standpoint of fatty acids. 
The iodin value, which indicates the content of unsaturated acids, 
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compares favorably with the related oils. General factors, such as 
the age of the oil and the time intervening between the separation of 
the insoluble acids and the determination of the constants, would tend 
to modify the results obtained. 

For the purpose of comparison, the physical and chemical char- 
acteristics of the solid and liquid acids, after separation from the 
insoluble acids, were determined, and the results are given in Table VY. 


Taste V.—Physical and chemical constants of solid and liquid acids of oils 
from cherry pits and kernels. 


: 
Solid acids. | Liquid acids. 
Source Spe- | Re- I 
of oil. Melt- ee sige elfic fractive paler Todin 
Yield.) Description. | ing Aor Yield.| Description. gravity dee feat waliied 
*| value. 93°C. | 95° G, | Value. 
| | ae 
Cherry | Per Per 
pits: | cent. © (Gb cent. 
Crude...| 6.27 | White, waxy 51} 197.2 | 84 Golden - yellow | 0.8917 | 1.4603 | 185.1] 98 
mass, fatty liquid, with 
odor. nutlike odor, 
and sweet, 
latty taste. 
Refined .| 8.94 | White, waxy | 49.0} 192.3 | 83.2} Brownish oil, . 9028 | 1. 4643 188.2 | 108.7 
mass, with liquid, with 
tallowlike nutlike odor, 
taste. and sweet 
and bitter 
after taste. 
Cherry ker-| 8.96 | White, waxy | 49.5 | 205.1 | 82.8] Straw colored, | .8941 | 1.4617 | 190.6 | 114 
nels. mass, with with slightly 
fatty odor, rancid odor 
tallowy and sweetish 
taste. bitter taste. 
| 


From Table V it will be observed that the solid acids constitute 
only a small portion of the cherry oils. The crude oil from the pits 
shows a considerably lower percentage than either the refined oil or 
the kernel oil. The general physical properties are practically the 
same. No marked differences are noted in the melting points or in the 
neutralization value. Judging from the neutralization values it is 
very probable that the major part of the solid acids consists of stearic 
acid, which theoretically has a neutralization value of 197.5. The 
melting point of pure stearic acid is 69° C., but the commercial article 
is often contaminated with other acids and has been known to melt as 
low as 56° C. The low melting point of the solid acids in the cherry 
oils may be attributed to impurities, as the determinations were made 
without any attempt at purification. 

It may safely be assumed, therefore, that the solid acids of cherry 
oils consist chiefly of stearic acid, with possibly a slight admixture 
of palmitic acid, which has a neutralization value of 219 and a 
melting point of 62° C. 

The liquid acids comprise the largest portion of the oils. -The crude 
oil from the pits was found to contain 84 per cent, the refined oil 83.2 
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per cent, and the kernel cil 82.8 per cent. From the physical proper- 
ties it is very probable that the bulk of the liquid acids consists of oleic 
acid. The specific gravity of pure oleic acid is reported as 0.895 at 
25° C. and the index of refraction at the same temperature as 1.4603. 
These figures agree very closely with those recorded in Table V. The 
descriptions of the acids obtained are also very similar to the descrip- 
tion of official oleic acid, which is described as yellowish or brownish 
yellow in color, with a peculiar lardlike odor and taste. 

That the bulk of the liquid acids consists of oleic acid is further 
substantiated by the close agreement of the iodin value of these acids 
as found in the cherry oils and the iodin value of commercial oleic 
acid. Although the iodin value of the pure acid is 90, some oleic acids 
of commerce have values as high as 100 to 110. 

The somewhat low neutralization values found in the cherry oils 
are probably due to slight changes in the fatty acids, as it is well 
known that these are apt to decompose. 

In approximating the composition of cherry oil, only the kernel oil 
was considered. It was found that this oil consisted of 8.96 per cent 
of solid acids, which were composed of stearic acid with a possible 
trace of palmitic acid. Since the glycerid stearin contains 95.73 per 
- cent of stearic acid, it was found by calculation that the oil contained 

9.36 per cent of stearin. The original oil consisted of 82.8 per cent of 

liquid acids, which, calculated as oleic acid and reduced to terms of 
olein (olein contains 95.7 per cent oleic acid), corresponds to 86.5 per 
cent of the glycerid olein. 

A brief summary of the results obtained by the chemical examina- 
tion indicates, therefore, the following approximate composition of 
cherry kernel oil: Olein, 86.5 per cent; ,stearin, including a possible 
trace of palmitin, 9.36 per cent; the remaining portion of the oil con- 
sists of smaller amounts of free acids, volatile acids, and unsaponifi- 
able matter. 


REACTION OF THE OIL TOWARD REAGENTS. 


Color reactions are frequently applied to fixed oils, although per- 
haps more for the purpose of detecting adulterations than for deter- 
mining the quality. Certain reagents produce characteristic color 
reactions; therefore, when it is desired to compare related oils it is 
often expedient to ascertain the behavior of the oils toward reagents. 
Since this investigation deals with an oil which is closely related to 
several well-known commercial oils, a number of color reactions were 
therefore determined and comparison was made with the color reac- 
tions obtained from the affiliated oils extracted by means of ether in 
this laboratory. The results are presented in Table VI. 
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The color reactions obtained by the use of the various reagents 
show some differences, yet they bear a certain fixed relationship, 
differing usually only in intensity. From the color reactions pro- 
duced it can not be stated that the quality of one oil is superior to 
that of any other, but a close relationship is clearly obvious. The 
test with fuming nitric acid and water, as prescribed in the United 
States Pharmacopeeia’ for the expressed almond oil, depends upon 
the formation of a polymerized solid compound with the olein of the 
oil. This test emphasized most strongly the similarity of cherry- 
kernel oil to official almond oil and also to the other related oils. 

Inasmuch as almond kernels and peach and apricot kernels yield 
fixed oils of commercial value, attention is called to the close resem- 
blance of cherry oil to these oils. Careful inspection of the chemical 
end physical properties has shown that, although it is not identical 
with either almond, peach, or apricot oil, it is not -fundamentally 
different from any of these. The variations observed may not be 
due wholly to difference in composition, since often fixed oils from 
the same source possess varying properties. The condition of the 
material from which the oil is extracted and also the seasonal factors 
are influential in affecting the ultimate quality of an oil. 

Because of this close relationship, cherry-kernel oil should there- 
fore be adapted to the same uses for which the other oils are 
employed. 


AVAILABLE QUANTITY OF THE FIXED OIL. 


Of first importance in connection with the possible commercial 
utilization of waste cherry pits is the available quantity of the mate- 
rial. A conservative estimate of a normal year’s output from the 
red sour cherries is 1,600 tons. By actual experiment it was found 
that 28 per cent of the pits consists of kernels. On this basis there 
would be available annually 448 tons of kernels. By the use of mod- 
ern hydraulic presses this quantity of kernels should yield 134 tons 
of fixed oil, or 268,000 pounds. In addition to this, there is also an 
annual accumulation of about 650 tens of pits from the imported 
cherries. Only 9 per cent of these pits was found to consist of. 
kernels. The quantity of kernels available from this source, there- 
fore, would be 58.5 tons. On extraction with ether these kernels 
yielded 50 per cent of oil. Subjected to hydraulic pressure about 45 
per cent would be obtainable, which would give approximately 26 
tons, or 52,000 pounds of oil. Therefore, the total quantity of fixed 
oil available from the annual accumulation of cherry pits, both 
domestic and imported, would be 160 tons, or 320,000 pounds. 


1The Pharmacopeia of the United States .... Highth decennial revision, p. 307. Phil- 
adelphia, 1907. 
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USES OF THE FIXED OIL. 


Cherry oil should be adapted to all purposes for which almond, 
peach, or apricot oil is used. Almond oil is used chiefly in pharma- 
ceutical preparations, and the demand is considerable. Therapeuti- 
cally, peach and apricot oils are as efficient as almond oil. Peach and 
apricot oils have recently been manufactured in California for use ag 
edible oils and are said to excel olive oil in flavor and taste. 


VALUE OF THE FIXED OIL. 


The value of cherry oil would naturally depend upon its use and 
the demand for oils of this character. The importation of sweet and 
bitter almond oil for the year ended June 30, 1914, was 38,586 pounds, 
valued at $36,620.1. The price of peach-kernel oil has ranged from 22 
cents a pound in 1913 to 45 cents in 1915. No data are available re- 
garding the extent of the importation of this oil or of apricot oil, 
although it is known that large quantities are imported annually. 


VOLATILE OIL. 


METHOD OF EXTRACTION. 


The volatile oil does not exist as such in the kernels, but is the 
result of glucosidal hydrolysis, the glucosid amygdalin reacting with 
the ferment emulsin in the presence of water. It is one of the com- 
paratively few oils which are obtained only after chemical reaction 
has taken place. 

The first step necessary in extracting the volatile oil from the 
kernels was to produce the reaction between the glucosid amygdalin 
and the ferment emulsin under conditions which would insure a 
complete formation of the oil. This was best accomplished by the 
method formulated in a previous investigation,’ which in substance 
is as follows: To one part of the ground kernels or press cake add 
two or three parts of lukewarm water, and macerate with frequent 
agitation for about one hour, after which pass steam, under slight 
pressure, into the mixture and distill until approximately four parts 
of distillate are obtained. The volatile oil, which is heavier than 
water, will separate on the bottom of the receiving vessel. The 
upper aqueous distillate, which is saturated with the oil in solution, 
can be drawn off and subjected to distillation by the direct application 
of heat. This process can be continued until the full yield of oil is 
obtained. 

1U. S. Department of Commerce. Foreign Commerce and Navigation of the United 
States for the Year Ending June 30, 1914, pp. 820-821. Washington, 1915. 


2 Rabak, Frank. Peach, apricot, and prune kernels as by-products of the fruit industry 
of the United States. U.S. Dept. Agr., Bur. Plant Indus. Bul. 133, p. 24, 1908. 
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In order to obtain the maximum yield it is very important that the 
maceration of the ground material be made with lukewarm water, 
as the reaction between the constituents, with the formation of oil, 
takes place most expeditiously at that temperature. It is also neces- 
sary to conduct the maceration in a closed vessel, preferably in the 
still itself, in order to avoid the loss of oil by evaporation. 

Asa preliminary experiment, a quantity of ground pits was treated 
according to this method and distilled in a still consisting essentially 
of a still body and a condenser. Live steam was passed into the 
macerated mixture, and the distillate collected in a receiving vessel 
of glass, from which the aqueous distillate was easily decanted. The 
oil accumulated on the bottom, and the final separation was made by 
means of a separatory funnel. After cohobation of the distillate, 
which consists in redistilling by direct application of heat, the yield 
of oil was found to be 0.1 per cent. 

By careful manipulation a yield of 0.95 per cent of volatile oil was 
obtained from the press cake which remained after the extraction 
of the fixed oil from the kernels. This is equivalent to nearly 1 pound 
of oil from every 100 pounds of press cake. 

It is recommended that the volatile oil be extracted from the ker- 
nels rather than from the pits direct, both from an economical stand- 
point and from the ease of manipulation, since much loss is avoided 
in working with the smaller volume of material in the form of the 
press cake than with the much larger bulk of ground pits. 


PHYSICAL AND CHEMICAL PROPERTIES OF THE VOLATILE OIL. 


The physical and chemical properties of the volatile oil were deter- 
mined and together with the yields were tabulated with other kernel 
oils, which included several market samples of bitter-almond oil. 
According to the United States Pharmacopeeia, bitter-almond oil is 
designated as being derived from bitter almonds and “ other seeds 
containing amygdalin.”+ Cherry kernels contain amygdalin, and 
cherry oil should therefore belong to the’ same class as bitter- 
almond oil. 

The data obtained from the physical and chemical examination of 
the volatile oils are presented in Table VII. 

An examination of Table VII shows that the yield of cherry oil 
was somewhat less than that of the other oils. This is explained by 
the fact that the kernels used in the experiment were from pits which 
had been in the laboratory for a considerable length of time and had 
undoubtedly deteriorated. The yield of oil from fresh kernels would 
very probably be higher. However, the yield obtained was sufficient 
to justify the use of cherry kernels for the production of oil. 


+The Pharmacopeia of the United States . . . Highth decennial revision, p. 306. Phil- 
adelphia, 1907. 
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TABLE VII.—Yield, physical properties, and chemical composition of the volatile 
oils from various fruit sources. 


Yield Spe- B 1 
; from Gific: |e enzal- 
Source of oil. Color Odor Taste ’ |/HCn.1!| de- 
press gravity hyde.2 
cake. @ |at24C yee 
Per cent. Per ct. | Per ct 
Cherry kernels......-. 0.95 | Palestraw..| Pleasant, | Sweet andJ 1.050 4.21 | 281.53 
strong, bit- very pun- 
ter-almond - gent. 
like. 
Cherry pits..........- .10 | Golden yel- | Agreeable | Sweet,strong, | 1.012 7.94 67.95 
? low. charac. pungent. 
teristic. 
Peach kernels‘!....... 1.17 | Palestraw..| Bitter-almond-| Sweet and] 1.068 2.20 73.1 
: like, some- pungent. 
what irritat- 
ing. 
Apricot kernels#.....- 1.33 | Straw....... Aromatic, | Sweet and in- | 1.080 2.05 | 288.7 
almond-like. pense pun- 
gent. 
Prune kernels1_....-- .71 | Faint straw .| Strong benzal-| Sweet andJ| 1.050 1.75 76 
dehyde. pungent. 
Bitter almonds‘... ... Hee ee cog Gon mayes Less aromatic | Sweet, less | 1.056 4.80 62 
(fainter than pungent. 
above). 
Bitter-almond oil |.......... Golden... ... Characteristic, | Very pungent.| 1.059 PAY 78. 45 
(market sample 2 mellow. 
years old). 
Bitter-almond oil |.......... Pale yellow-| Strong and | Sweetishpun- | 1.058 PAD) 80.6 
(market sample 1 penetrating. gent. 
year old). 
Benzaldehyde (sey- |......---.- Deep yel- |...-- Goes! Very sweet, | 1.062 | 513.7 et} 
eral years old). low. pungent. 


1 Assayed according to the volumetric method of the Pharmacopceia of the United States, Eighth 
decennial revision, p. 306. Philadelphia, 1907. 

2 Assayed by the sodium bisulphite method. The Pharmacopoeia. 

8 Assayed immediately after distillation. ah 

4Rabak, Frank. Peach, apricot, and prune kernels as by-products of the fruit industry of the United 


States. U.S. Dept. Agr., Bur. Plant Indus. Bul. 133, p. 23, 25, 1908. 
5 Benzoic acid. 


The physical properties do not differ greatly; in fact, they nearly 
coincide with those of the other oils. In hydrocyanic-acid content the 
cherry oil was found to be somewhat higher than in the other oils, but 
it was nearly within the limits of the Pharmacopeeia, which requires 
not less than 2 nor more than 4 per cent. The benzaldehyde content, 
which, because of its instability under ordinary means of preservation 
fluctuates noticeably in this class of oils, compares favorably with the 
other kernel oils. The pharmacopeeial requirement with regard to 
benzaldehyde content is that it shall not be less than 85 per cent. The 
benzaldehyde content of the cherry oil, although lower than the 
requirement, 1s not as low as in the two samples of bitter-almond oil 
purchased in the open market, both of which were slightly deficient 
on account of deterioration, which was undoubtedly due to the age of 
the oils. This deterioration in benzaldehyde content is more or less 
rapid, because of the ease with which it oxidizes to benzoic acid. The 
sample of benzaldehyde examined illustrates the change which takes 
place under ordinary conditions. The sample, which originally was 
a pure compound, after standing for several years shows but 77.5 per 
cent of benzaldehyde. The free acidity, calculated as benzonic acid, 
was 13.7 per cent. The benzaldehyde content bears a direct relation- 
ship to the specific gravity; the higher the benzaldehyde content the 
lower the specific gravity. 


Loe. cit. 
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On the whole, the properties of cherry oil compare very favorably 
with the commercial oils, considering the many unfavorable factors 
which unavoidably enter into the distillation on a laboratory scale, 
and it may therefore be considered that for all practical purposes 
this oil is equal to the oil of bitter almonds and the other kernel oils. 


AVAILABLE QUANTITY OF THE VOLATILE OIL. 


Approximating the total available quantity of kernels from the 
domestic cherries at 448 tons and deducting 30 per cent, the quantity 
of fixed oil capable of being extracted, there would remain about 
314 tons of press cake. It has been shown that 0.95 per cent of vola- 
tile oil can be obtained from the press cake, and there would result, 
therefore, practically 3 tons of volatile oil, or 6,000 pounds. 


USES OF THE VOLATILE OIL. 


Bitter-almond oil, aside from its use for medicinal purposes, finds 
a widespread use in the manufacture of perfumery and confectionery. 
In the perfumery trade the demand is for the genuine oil rather than 
for the synthetic article, as the odoriferous properties are much finer 
and more agreeable. The importation of bitter-almond oil for the 
year ended June 30, 1914, reached a total of 7,525 pounds, valued at 
'$21,954,1 showing that the demand for this oil is keen. For some 
time prior to August, 1914, the price of bitter-almond oil has shown 
« gradual increase, the wholesale market quotations ranging from 
$3.25 to $4.75 in 1910? to $3.50 to $6.50 during the first six months of 
1914.2, Since then the price has risen rapidly, due apparently to lack 
of importations. At the present time (January, 1916) the oil is 
quoted at $9.25 to $11 a pound.’ 


VALUE OF THE VOLATILE OIL. 


Assuming that 6,000 pounds of volatile oil can be produced annually, 
the gross income from the total available output of kernels, calculated 
at the minimum price quoted at the present time, would be $46,500. 
Therefore it would seem reasonable to suppose that the production 
ef volatile oil from waste cherry pits should meet with favorable 
attention as a means of converting the now useless waste into a 
source of profit. 

CHERRY-KERNEL MEAL. 
CHEMICAL CONSTITUENTS. 


After distilling the volatile oil from the press cake, the residue 
which remained consisted of a mushy mass. The moisture was re- 


1U. S. Department of Commerce. Foreign Commerce and Navigation of the United 
States for the Year Ending June 30, 1914, p. 821. Washington, 1915. 

2 Oil, Paint, and Drug Reporter. 

? Oil, Paint, and Drug Reporter, v. 89, no. 3, p. 40. 1916. 
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moved from this mass partly by pressure and partly by drying, after 
which the dried mass was ground to a meal. Upon examination, 
the meal was found to contain 1.06 per cent of moisture; 3.94 per 
cent of ash; 13.1 per cent of ether extract; 30.87 per cent of protein; 
8.9 per cent of crude fiber, and 42.13 per cent of nitrogen-free extract. 

In order to interpret these results with regard to the value of the 
meal as a stock food, in which it probably would find its chief use, 
comparison of the various constituents was made with those of several 
feeding stuffs as recorded by Henry.t The comparison is shown in 


Table VITI. 


Taste VIII.—Cherry-kernel meal compared with various commercial feeding 


stuffs. 
Constituents (per cent). 
Feeding stuff. . 

F Bi Nitrogen- P Ether ex- 

Moisture.| Ash. Protein. | free ex- Fiber. aaah 

tract. Hes ic 
Cherry-kernel meal..........-......------- 1.06 3.94 30.87 42.13 8.9 13.1 
DOY=DEAN) CAK Oc ecjcleie = eins sex ecis tsieoe nee 11.3 5.9 42.7 28.1 6.0 6.0 
IRAN SGEOUIMNCAM set ee carat tole cis icicle os wacieistines 9.8 5.0 33.9 35.7 7.3 7.8 
Cottonseed meals... sof. ecco yee eere ea 7.0 6.6 45.3 24.6 6.3 10.2 
WOCOMM CAKOE Serve cicte sci wie Sine ostee cicere ie oe 10.3 5.9 19.7 38.7 14.4 11.0 
AIM CAKO: << \d:<cwietein’s sac a= oceteinialaia 10.4 4.3 16.8 35.0 24.0 9.5 
Sunflower-seed cake.............--..-.---- 10.8 6.7 32.8 Zio 13.5 9.1 
ROAM CAKO st eis weia sates =< 5/5 253k seis 10.7 4.9 47.6 PBT 5.1 8.0 
Rape-seed cake.. 10.0 7.9 Sil) 30.0 11.3 9.6 
Sesame-oil cake... 7.4 8.8 36.7 17.3 3.8 26.0 
Corn meal......- oe 15.0 1.4 9.2 68.7 1.9 3.8 


The low percentage of moisture in the cherry-kernel meal is due 
to the fact that the material was dried just before the determination 
was made. The percentage of ash is somewhat lower than in any of 
the other feed cakes, with the exception of corn. 

From the standpoint of food value the most important constituents 
are the ether extract, consisting largely of fat and other soluble con- 
stituents; the protein, consisting of nitrogen compounds; and the 
nitrogen-free extract, which includes soluble carbohydrates, such as 
sugar, starch, gums, etc. The meal is considerably richer in ether 
extract than any of the foods enumerated, with the exception of 
sesame-oil cake. In content of nitrogen-free extract it excels nearly 
all. The protein content, also, compares very favorably with the 
more important feeding stuffs of commerce. The percentage here 
given is doubtless below the actual percentage: of soluble carbohy- 
drates, due to the partial extraction of the water-soluble compounds 
of the meal by the water contained in the still after distillation. To 
illustrate: It was found that the water extract from the distillation 
of a quantity of ground pits, after evaporation to dryness, consti- 
tuted 6.7 per cent of the original ground material. The solid extract 
after powdering was chocolate brown in color, with a rather pleasant 


1Henry, W. A. Feeds'and Feeding ... ed. 10, p. 566-567. Madison, Wis., 1910. 
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taste suggesting roasted grain. This extract was readily soluble in 
water. The protein content was found to be 33.93 per cent. The 
utilization of this waste water-soluble extract by evaporation with 
the meal left in the still would add much to the nourishing properties 
of the meal. The fiber content, although not high in comparison 
with some of the other meals, was augmented. by the presence in the 
kernels, before grinding, of particles of the pits which escaped sepa- 
ration in the cracking process. 


AVAILABLE QUANTITY, USES, AND VALUE OF CHERRY-KERNEL MEAL. 


Roughly estimated, the total available quantity of meal which 
would result after extracting the oil would be about 300 tons from 
the domestic cherries and 380 tons from the imported cherries. 

The utility of the meal, as shown by its composition, should be 
similar to that of the general class of oil cakes now sold on the 
market for stock foods. 

Regarding the commercial value only an estimate can be made. 
Based on the current prices of linseed meal, which is about $39 per 
ton, the estimated money value of the sees output of eas kernel 
foal would be about $12,870. ; 


COMMERCIAL PRODUCTS OBTAINABLE FROM CHERRY JUICE. 


Attention has already been called to the large quantity of juice 
which accumulates during the operation of pitting cherries. The 
juice is bright red in color, with the odor and taste of cherries. 
Using the sugar and acid content as a basis for investigation, several 
experiments were conducted, with a view to preparing products 
which might be of commercial value. 


ALCOHOL FROM CHERRY JUICE. 


In order to convert the cherry juice into alcohol, a cake of com- 
pressed yeast was added to 1 kilo of filtered juice and the mixture 
kept at 30° C. for a period of 24 hours, with occasional agitation. 
After this period, fermentation had completely ceased. The mixture 
was then filtered, neutralized with milk of lime, and distilled. A 
small quantity of phosphoric acid was added to the distillate and a 
second distillation made. The alcohol obtained was deodorized by 
the addition of potassium permanganate and again distilled. By this 
method it was calculated that 4.36 per cent of absolute alcohol, or 
4.6 U.S. P. alcohol (95 per cent by volume), could be Pepe from 
the waste juice. 

SIRUP FROM CHERRY JUICE. 


For the preparation of sirup, a quantity of the filtered juice was 
evaporated in vacuo after previously neutralizing the acidity with 
milk of lime. The calcium salts of the acids were filtered from the 
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hot sirup by means of vacuum filtration. This procedure was carried 
on twice during the concentration of the juice. The yield of sirup 
obtained was about 20 per cent. The calcium salts (probably con- 
sisting largely of calcium malate) after drying resulted to the extent 
of 1.35 per cent. The sirup obtained was dark brown in color, with a 
pleasant, sweet, slightly tart taste. 

The specific gravity at 24° C. was 1.34. Assayed gravimetrically by 
means of Fehling’s solution the content of reducing sugars was found 
to be 43 per cent and the total sugars 52.1 per cent. 

The free acidity was determined by titration with N/10 potassium 
hydroxid V. S. and calculated as malic acid by means of the malic- 
acid factor (1 c. c. N/10 KOH=0.0067 gm. malic acid). The sirup 
was found to contain 1.3 per cent of malic acid. 

These properties of the sirup are most variable and are subject to 
fluctuation, depending to a great extent upon the consistency to which 
the sirup is evaporated. The greater the concentration the higher 
the percentage of the important constituents. 


JELLY FROM CHERRY JUICE 


For the preparation of jelly the cherry juice was concentrated with 
cane sugar (1 pound of sugar to 1,200 c. c. of juice) in a vacuum to a 
sirupy consistency. Purified gelatin was then added (one-half ounce 
of gelatin dissolved in one-half pint of water) and the mixture set 
aside in a cool place. The resulting jelly was wine red in color, with 
a fruity odor and a very pleasant tart taste. 

Although this process is a very crude one, it shows the possibility 
of converting the juice into a product which is decidedly wholesome. 
Other processes of preparing jelly from juices of this nature by the 
~ use of pectin or parings from fruits which are rich in pectin would 
doubtless be productive of even more promising results. 

Calculated with the amount of sugar added it was found that about 
81.6 per cent of jelly could be prepared from the juice. 


AVAILABLE QUANTITY, USES, AND VALUE OF THE ALCOHOL, SIRUP, AND 
JELLY FROM CHERRY JUICE. 


The prospect of profitably converting the juice into commercially 
useful products would depend largely upon the available quantity. 
As previously stated, approximately 105,000 gallons of juice result 
from the pitting process. The alcohol production from this quantity 
of juice would be about 5,000 gallons. The usefulness and commercial 
value of alcohol is well known and needs no further comment. 

The quantity of sirup capable of being manufactured from the 
total available juice, calculating the yield of sirup as 20 per cent, 
would be 21,000 gallons. The usefulness of the sirup as a household 
commodity can hardly be questioned. It is also possible that it could 
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be reapplied to the canning of cherries, much as the sirup from pine- 
apple waste is at present utilized. The value must necessarily be de- 
terminated by the uses to which it can be put and the demand created 
thereby. Its pleasant taste and agreeable flavor should create a de- 
mand for the product as a table commodity. 

The total quantity of jelly which could be manufactured from the 
juice available annually would approximate 85,680 gallons. The 
actual value of this quantity of jelly can not be accurately estimated, 
but it can safely be assumed that a considerable margin of profit would. 
result after deducting the expense of manufacture. 


SUMMARY. 


To briefly recapitulate the results of the foregoing investigation, 
it is shown that the waste products from the cherry industry can be 
reduced to a number of valuable products: 

(1) The fixed oil, which is perhaps the most important product, is, in its prop- 
erties and general characteristics, so closely related to the commercial oil of 
almonds that it is placed in an important position with respect to usefulness and 
value. The oil expressed from the fresh kernels is quite similar to almond oil 
and its use as an article of commerce, applied along pharmaceutical and thera- — 
peutical lines, or as a condimental oil, or even for soap-making purposes, should 
be assured. 

(2) The volatile oil which can be produced from the press cake after the fixed 
oil has been extracted is practically identical with the oil of bitter almonds, thus 
rendering its usefulness the same in every way as that of bitter-almond oil. 

(8) The meal, which is the final residue, has been shown to possess nourish- 
ing properties, much the same as those of the more common feeding stuffs on the 
market. 

(4) The juice has been shown to be capable of being transformed into alcohol, 
sirup, or jelly, and it is reasonable to assume that there should be a demand for 
such products. 


The success of an undertaking involving the by-products in question 
would depend largely upon the efficacy of any proposed system where- 
by the products could be manufactured. Since the waste as it accu- 
mulates is not confined to any particular section, perhaps the most 
feasible method would be to accumulate the waste at some central 
point. The most convenient plan then would be to conduct the man- 
ufacture on a cooperative basis, much as the present system of co- 
operative creameries is conducted, whereby the cream produced in any 
dairy section is conducted to a central plant where the products are 
manufactured. 

While the object of this investigation is principally to point out the 
possibilities existing in the cherry by-products, it is hoped that the 
information contained herein will serve as an incentive to the proper 
disposition of these waste products, with their uitimate reduction 
into products of commercial utility and value. 
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